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(54) MULTILAYER PRINTED WIRING BOARD AND METHOD OF MANUFACTURING MULTILAYER 
PRINTED WIRING BOARD 



(57) A metal layer 18 is sandwiched between insu- 
lating layers 1 4 and 20 so that required strength is main- 
tained. Hence it follows that the thickness of a core sub- 
strate 30 can be reduced and, therefore, the thickness 
of a multi-layer printed circuit board can be reduced. 



Formation of non-penetrating openings 22 which reach 
the metal layer 18 in the insulating layers 14 and 20 is 
simply required. Therefore, small non-penetrating open- 
ings 22 can easily be formed by applying laser beams. 
Thus, through holes 36 each having a small diameter 
can be formed. 
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Description 

Technical Field 

[0001] The present invention relates to a multilayer 
printed circuit board which can be employed as a pack- 
age substrate on which electronic elements, such as IC, 
are mounted. More particularly, the present invention re- 
lates to a multi-layer printed circuit board constituted by 
building interlayer resin insulating layers up on a core 
substrate and a method of manufacturing a multi-layer 
printed circuit board. 

Background Art 

[0002] Hitherto, a buildup multi-layer printed circuit 
board has been manufactured by a method disclosed in 
Japanese Patent Laid-Open No. 9-130050. 
[0003] That Is, an interlayer resin insulating layer is 
built on a core substrate having through holes formed 
therein . Then , a circuit pattern is formed on the interlayer 
resin insulating layer. The foregoing process is repeated 
so that the buildup multilayer printed circuit board is ob- 
tained. 

[0004] At present, the through holes are formed in the 
core substrate by forming penetrating openings by using 
a drill. Therefore, the smallest limit of the diameter of 
the penetrating opening is 300 um The density of the 
through holes cannot be raised to a value larger than a 
value which is defined by the diameter of the drill. Hence 
it follows that a method using a laser beam to form the 
core substrate has been investigated. Since the core 
substrate has a thickness of about 1 mm, fine through 
holes cannot, however, easily be formed. 
[0005] On the other hand, the multi-layer printed cir- 
cuit board, which is employed as the package substrate, 
must efficiently diverge heat generated in the IC chip. 
The multi-layer printed circuit board incorporates a core 
substrate which is constituted by a laminated resin 
board having a thickness of about 1 mm and on which 
an interlayer resin insulating layer having a thickness of 
several tens of u.m and a circuit layer are laminated. 
Therefore, the thickness of the multi-layer printed circuit 
board is mainly made up by the core substrate. That is, 
the core substrate causes the thickness of the multi-lay- 
er printed circuit board to be enlarged and the thermal 
conductivity to be decreased. 

[0006] To solve the above-mentioned problems, an 
object of the present invention is to provide a multi-layer 
printed circuit board and a method of manufacturing a 
multi-layer printed circuit board capable of raising the 
density at which the through holes are formed and re- 
ducing the thickness thereof. 

[0007] To prevent the occurrence of the warpage and 
the crack of the upper interlayer resin insulating layer 
and conductor circuits. 

[0008] When through holes are formed by laser 
beams, disconnection sometimes occurs in a heat cycle 



or the like. Thus, satisfactory reliability cannot be ob- 
tained. The cause of the disconnection has been inves- 
tigated, resulting in detection of mixture of air bubbles 
in the resin with which the through hole is filled. 
5 [0009] The cause of mixture of the air bubbles has fur- 
thermore been investigated by the inventor of the 
present invention. As a result, the mixture is caused by 
residual burrs of copper foil inwards extending from the 
opened portion of the through hole when the through 
10 holes are formed in a copper-clad laminated board 
which constitutes the core substrate. That is, as shown 
in Fig. 70 (A), when a through hole 633 is, by a laser 
beam, formed in a core substrate 630 constituted by 
laminating copper foil 632, a burr 632b of the copper foil 
is 632 undesirably left at the edge of the opening of the 
through hole 633. A tapered through hole 633 is some- 
times formed. When a plated film 635 is formed to form 
the through hole 636 as shown in Fig. 70 (B), air bubble 
E is sometimes left between the burr 632b and the plat- 
20 ed film 635. When the through hole 636 is filled with a 
resin filler 640 as shown in Fig. 70 (C), air bubble E is 
sometimes left between the reverse side of the portion 
includingtheburr 632b and the resin filler 640. As shown 
in 70 (D), the portion including the burr 632b of the cop- 
25 per foil extending inwards sometimes prevents smooth 
injection. In the foregoing case, a portion which is not 
filled with the resin filler 640 is detected in the through 
hole 636. Thus, a fact has been detected that the relia- 
bility in the connection of the printed circuit board dete- 
ct? riorates owing to the air bubble and the non-filled por- 
tion. 

[0010] Since the hole forming operation using the la- 
ser beam is performed, an oxidation-reduction layer is 
formed as a process which is performed before the laser 
35 beam is applied and the number of laser shots is in- 
creased. Thus, the process takes a long time and the 
cost is enlarged. 

[0011] To overcome the above-mentioned problems, 
the inventor of the present invention has attempted to 

40 employ a BT (Bismaleimide-Triazine) resin board as the 
core substrate. A fact has, however, been detected that 
the BT resin board having aflat surface encounters de- 
terioration in the adhesiveness with a metal film formed 
on the right side of the core substrate. Therefore, the 

45 inventors or the present invention have attempted to im- 
prove the adhesiveness with the metal film formed on 
the right side of the core substrate by employing a resin 
film constituted by dispersing soluble particles in refrac- 
tory resin. Thus, there arises problems in that the resin 

50 film, however, encounters decrease in the strength re- 
quired for the core substrate and the interlayer resin in- 
sulating layer cannot be formed in the upper layer. 
[0012] To overcome the foregoing problems, another 
object of the present invention is to provide a printed 

55 circuit board and a method of manufacturing a printed 
circuit board capable of forming adequately forming 
through holes by using laser beams. 
[001 3] Since the core substrate is filled with core ma- 
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terials, such as glass cloths, the laser beam must be 
applied to each hole for a long time to form the through 
holes in the core substrate having a thickness of about 
1 mm by using laser beams. To form hundreds of 
through holes, an excessively long machining time is re- 5 
quired and the manufacturing cost cannot be reduced. 
On the other hand, the through holes each having a 
small diameter sometimes encounters disconnection 
during the heat cycle. Therefore, satisfactory reliability 
cannot be realized as compared with conventional 
through holes formed by drilling and each having a large 
diameter. 

[0014] To achieve the foregoing objects, a still further 
object of the present invention is to provide a multi-layer 
printed circuit board and a method of manufacturing a 
multi-layer printed circuit board capable of improving 
high-frequency characteristics of a ground line and a 
power supply line and preventing a malfunction of an IC 
chip caused from insufficient quantity of electric power 
to be supplied. 

[0015] On the other hand, the diameter of each pen- 
etrating opening can be reduced as compared with an 
opening which is formed by drilling when the penetrating 
openings are formed in the core substrate by using laser 
beams. When the penetrating openings are formed in a 
copper-clad laminated board employed to serve as the 
core substrate, the number of laser shots are increased 
excessively and an excessively long time is required. 
When the openings are formed by the laser beams, a 
portion of copper for forming copper foil on the surface 
of the inner wall of the through hole is undesirably left. 
It leads to a fact that undesi rable separation of the plated 
film formed in the through hole takes place. 
[0016] To overcome the foregoing problems, its still 
further object of the present invention is to provide a 
printed circuit board excellent in connection character- 
istics and reliability and permitting a high-density struc- 
ture which is manufactured by forming openings in a res- 
in plate which serves as a core substrate by using laser 
beams and by performing sputtering to for a sputtered 
layer to form penetrating opening each having a small 
diameter and which is free from any separation of the 
plated films in the through holes and a method of man- 
ufacturing a printed circuit board. 

Disclosure of the Invention 

[0017] To solve the above-mentioned problems, a 
multi-layer printed circuit board recited in claim 1 is char- 
acterized by comprising: a core substrate incorporating 
a metal layer sandwiched by resins; and an interlayer 
resin insulating layer built up on said core substrate. 
[0018] A multi-layer printed circuit board recited in 
claim 2 is characterized by comprising: an interlayer res- 
in insulating layer built up on a core substrate thereof, 
wherein 

said core layer is constituted by sandwiching a 
metal layer between two resin layers, and a conductor 



is provided for each of non-penetrating openings which 
are formed in said resin and which reach said metal lay- 
er so that through holes are formed. 
[001 9] A method of manufacturing a multi-layer print- 
ed circuit board recited in claim 3 comprises at least the 
following steps (A) to (C) : 

(A) forming a resin insulating layer on an upper layer 
of a resin insulating layer having an upper surface 
on which a metal layer is formed so that a core sub- 
strate is formed; 

(B) forming non-penetrating openings in said resin 
insulating layer of said core substrate by applying 
laser beams such that said non-penetrating open- 
ings reach said metal layer; and 

(C) providing a conductor for each non-penetrating 
opening formed in said resin insulating layer so that 
through holes are formed. 

[0020] Multi-layer printed circuit boards claimed in 
claims 1 and 2 and a method of manufacturing a multi- 
layer printed circuit board claimed in claim 3 are ar- 
ranged to maintain required strength of a core substrate 
thereof by sandwiching a metal layer by resin. Thus, the 
thickness of the core substrate can be reduced. Hence 
it follows that the thickness of the multi-layer printed cir- 
cuit board can be reduced. Since non-penetrating open- 
ings which reach the metal layer are simply required to 
be formed in the resin layer, the depth of each of pene- 
trating openings which are formed by laser beams can 
be reduced to half or smaller as compared with the con- 
ventional core substrate. Therefore, fine non-penetrat- 
ing openings can easily be formed by laser beams and, 
therefore, through holes each having a small diameter 
can be formed. As a result, a degree of integration of 
the multi-layer printed circuit board can be raised. More- 
over, the core substrate is formed into the multilayer 
structure and, therefore, the metal layer between resin 
portions which constitute the core substrate permits wir- 
ing to be arranged. As a result, the number of layers of 
the multi-layer printed circuit board can be reduced. 
Since the non -penetrating openings are filled with plat- 
ing, the intensity increases and the warpage does not 
easily occur. 

[0021] A method of manufacturing a multi-layer print- 
ed circuit board recited in claim 4 comprises at least the 
following steps (A) to (D) : 

(A) etching a metal layer of a one-side metal-clad 
resin plate to form a circuit pattern; 

(B) laminating a resin film to the surface of said cir- 
cuit pattern to constitute a core substrate; 

(C) forming non-penetrating openings in a resin in- 
sulating layer of said core substrate by applying la- 
ser beams such that said non-penetrating openings 
reach said circuit pattern; and 

(D) providing a conductor for each non-penetrating 
opening of said resin insulating layer to form 
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through holes. 

[0022] A method of manufacturing a multi-layer print- 
ed circuit board recited in claim 5 comprises at least the 
following steps (A) to (E) : 

(A) etching a metal layer of a one-side metal-clad 
resin plate to form a circuit pattern; 

(B) coating the surface of said circuit pattern with 
resin and polishing said circuit pattern so that said 
circuit pattern is flattened; 

(C) laminating a resin film to the surface of said cir- 
cuit pattern to constitute a core substrate; 

(D) forming non-penetrating openings in a resin in- 
sulating layer of said core substrate by applying la- 
ser beams such that said non-penetrating openings 
reach said circuit pattern; and 

(E) providing a conductor for each non-penetrating 
opening of said resin insulating layer to form 
through holes. 

[0023] Methods of manufacturing a multi-layer printed 
circuit board claimed in claims 4 and 5 are arranged to 
maintain required strength of a core substrate thereof 
by sandwiching a circuit pattern by resin. Thus, the thick- 
ness of the core substrate can be reduced. Hence it fol- 
lows that the thickness of the multi-layer printed circuit 
board can be reduced. Since non-penetrating openings 
which reach the circuit pattern are simply required to be 
formed in the resin layer, the depth of each of penetrat- 
ing openings which are formed by laser beams can be 
reduced to half or smaller as compared with the conven- 
tional core substrate. Therefore, fine non-penetrating 
openings can easily be formed by laser beams and, 
therefore, through holes each having a small diameter 
can be formed. As a result, a degree of integration of 
the multi-layer printed circuit board can be raised. More- 
over, the core substrate is formed into the multilayer 
structure and, therefore, the circuit pattern between res- 
in portions which constitute the core substrate permits 
wiring to be arranged. As a result, the number of layers 
of the multi-layer printed circuit board can be reduced. 
[0024] To solve the above-mentioned problems, a 
multi-layer printed circuit board recited in claim 6 is char- 
acterized by comprising: a core substrate having 
through holes; and an interlayer resin insulating layer 
built up on said core substrate, wherein 

said through holes are constituted by filling a first 
metal layer formed by electroplating, a metal film formed 
by electroless plating, sputtering or evaporation and a 
second metal layer formed by electroplating. 
[0025] Since claim 6 is arranged such that through 
holes are formed by enclosing plating material, via holes 
for establishing the connection can be formed on the 
through holes. Therefore, the wiring density of the via 
holes can be raised. Since through holes are filled with 
electroplating, electroless plating and electroplating, in- 
sufficient enclosure in each through hole can be pre- 



vented. The reliability in the heat-cycle can be improved. 
Since through holes are filled with electroplating, elec- 
troless plating and electroplating, the intensity increases 
and the warpage does not easily occur. 
5 [0026] A method of manufacturing a multi-layer print- 
ed circuit board recited in claim 7 comprises at least the 
following steps (A) to (E) : 

(A) forming non-penetrating openings in a resin in- 
fo sulating layer incorporating a metal layer formed on 

either side thereof by applying laser beams such 
that said non-penetrating openings reach said met- 
al layer; 

(B) passing an electric current to each non-pene- 
15 trating opening formed in said resin insulating layer 

through said metal layer to fill a first metal layer with 
electroplating; 

(C) forming a metal film on the opposite surface of 
said resin insulating layer on which said metal layer 

20 is formed; 

(D) passing an electric current to each non-pene- 
trating opening formed in said resin insulating layer 
through said metal layer to fill a second metal layer 
with electroplating; and 

25 (E) etching said metal layer and said metal film of 
said resin insulating layer to form lands of through 
holes. 

[0027] Since claim 7 is arranged such that through 

30 holes formed by laser beams, the diameter of each 
through hole can be reduced to 50 u,m to 250jim. There- 
fore, the wiring density of the through holes can be 
raised. Since the through holes are formed by enclosing 
plating, the strength of the core substrate can be in- 

35 creased. Thus, warpage does not easily occur. Hence 
it follows that the thickness of the core substrate can be 
reduced and, therefore, the heat radiation characteristic 
of the multi-layer printed circuit board can be improved. 
Since the through holes are filled with electroplating, in- 

40 sufficient filling in each through hole can be prevented. 
Since a second metal layer is formed in each through 
hole after metal films serving as lands of the through 
holes, separation of the lands can be prevented. It leads 
to a fact that the reliability of the through holes can be 

45 improved. Since satisfactory reliability in the connection 
can be improved, the thickness of each land can be re- 
duced. Therefore, the smoothness and flatness of the 
interlayer resin insulating layer which is an upper layer 
can be improved. As a result, separation and formation 

50 of a crack in the interlayer resin insulating layer can be 
prevented. 

[0028] A method of manufacturing a multi-layer print- 
ed circuit board recited in claim 8 further comprises a 
step for forming a metal layer by electroless plating, 
55 sputtering or evaporation according to claim 7. 

[0029] In claim 8, electroless plating is employed so 
that the metal layer can be formed with alow cost. When 
sputtering is employed as a forming method, a metal lay- 
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er exhibiting excellent adhesiveness and a small thick- 
ness can be formed. When an evaporation forming 
method is employed, a more thin metal layer can be 
formed. 

[0030] A method of manufacturing a multi-layer print- 
ed circuit board recited in claim 9 is characterized in that 
said step forforming said metal film on the opposite sur- 
face of said resin insulating layer on which said metal 
layer is formed is arranged to perform electroless plat- 
ing, sputtering or evaporation, according to claim 7 or 8. 
[0031] In claim 9, electroless plating is employed so 
that the metal film can be formed with a low cost. When 
sputtering is employed as a forming method, a metal lay- 
er exhibiting excellent adhesiveness and a small thick- 
ness can be formed. When an evaporation forming 
method is employed, a thin metal layer can be formed. 
[0032] To solve the above-mentioned problems, a 
printed circuit board recited in claim 10 is characterized 
by comprising: a core substrate; and through holes 
formed in said core substrate, wherein 

said core substrate incorporates a core member 
and a resin insulating layer formed on each of two sides 
of said core member and having a roughened surface, 
and 

each of said through holes is constituted by pro- 
viding a metal film for a penetrating opening formed by 
a laser beam. 

[0033] In claim 1 0, laser beams are used to form pen- 
etrating in a core substrate constituted by a core mem- 
ber and resin insulating layer formed on each of the two 
sides of the core member. Since the penetrating open- 
ings are, by laser beams, formed in the core substrate 
which is in a state where the metal film is formed, any 
retention of an air bubble can be prevented when the 
metal films are deposited in the penetrating openings to 
form the through holes. Thus, any corner crack starting 
with a burr does not occur and, therefore, the reliability 
in the connection of the through holes can be improved. 
Since a rough surface is formed on the surface of the 
core substrate, the adhesiveness with the metal film 
constituting the through hole can be improved. 
[0034] In claim 11, the core member is formed by 
causing the core member to be impregnated with resin. 
Thus, the strength required for the core substrate can 
be maintained. 

[0035] In claim 1 2, the resin insulating layer is consti- 
tuted by dispersing soluble particles in refractory resin. 
Since soluble particles are dissolved, a rough surface 
can be formed on the surface of the core substrate. 
Therefore, the adhesiveness of the metal film which is 
formed on the surface of the core substrate and which 
constitutes the through hole can be improved. 
[0036] In claim 13, the resin insulating layer is com- 
posed of soluble resin and refractory resin. Since the 
soluble resin is dissolved, a rough surface can be 
formed on the surface of the core substrate. Thus, the 
adhesiveness of the metal film which is formed on the 
surface of the core substrate can be improved. 



[0037] According to the invention recited in claim 14, 
a method of manufacturing a printed circuit board com- 
prises at least the following steps (A) to (D): 

5 (A) laminating a resin insulating layer on each of two 

sides of a core member to form a core substrate; 

(B) forming penetrating openings in said core sub- 
strate by applying laser beams; 

(C) forming a rough surface on said core substrate; 
10 and 

(D) providing a metal film for each penetrating open- 
ing to form through holes. 

[0038] In claim 14, penetrating openings are, by laser 
'5 beams, formed in a core substrate composed of a core 
member and a resin insulating layer formed on each of 
the two sides of the core member. Then, a rough surface 
is formed on the surface of the core substrate, and then 
a metal film is formed in the penetrating opening. Thus, 
20 through holes are formed. The laser beams are used to 
form the penetrating openings in the core substrate 
which is in a state before the metal film is formed. There- 
fore, when the metal film is deposited in each penetrat- 
ing opening to form the through holes or when the 
25 through hole is filled with a filler, retention of any air bub- 
ble can be prevented. Thus, any comer crack starting 
with a burr does not formed and, therefore, reliability in 
the connection of the through holes can be improved. 
Since the rough surface is formed on the surface of the 
30 core substrate, the adhesiveness with the metal film 
constituting the through hole can be improved. 
[0039] In claim 15, the core member is formed by 
causing the core member to be impregnated with resin. 
Thus, the strength required for the core substrate can 
35 be maintained. 

[0040] A method of manufacturing a printed circuit 
board recited in claim 1 6 comprises said resin insulating 
layerformed by dispersing soluble particles in refractory 
resin. Soluble particles are dissolved so that a rough 
40 surface is formed on the surface of the core substrate. 
Thus, the adhesiveness of the metal film which is formed 
on the surface of the core substrate can be improved. 
[0041] To solve the above-mentioned problems, a 
multi-layer printed circuit board resided in claim 1 7 com- 
45 prises a core substrate having through holes for con- 
necting the upper and lower surfaces to each other and 
having a structure that interlayer resin insulating layers 
and conductor circuits are alternately laminated on said 
core substrate, wherein 
50 through holes having different diameters are 

formed in said core substrate. 

[0042] In an aspect claimed in claim 17, through holes 
having different diameters are formed in the core sub- 
strate. Therefore, the degree of freedom of the wiring 
55 density of the through holes can be improved. Since 
through holes having small diameters serve as power 
supply lines and ground lines, a multiplicity of power 
supply lines and ground lines can be provided. Thus, an 
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influenceofthe inductance of the powersupply lines and 
the ground lines which is exerted on the IC chip can be 
reduced. As a result, malfunction of the IC chip can pre- 
vented. 

[0043] A multi-layer printed circuit board recited in 5 
claim 18 comprises a core substrate having through 
holes for connecting the upper and lower surfaces to 
each other and having a structure that interiayer resin 
insulating layers and conductor circuits are alternately 
laminated on said core substrate, wherein 

through holes each having a small diameter are 
mainly formed in the central portion of said core sub- 
strate, and through holes each having a large diameter 
are mainly formed in the outer periphery. 
[0044] A multi-layer printed circuit board recited in 
claim 19 is characterized by said through holes each 
having the small diameter are mainly provided with pow- 
er supply lines and ground lines, and said through holes 
each having the large diameter are mainly provided with 
signal lines, according to claim 18. 
[0045] In claims 1 8 and 19, through holes each having 
a small diameter are formed in the central portion of the 
core substrate and through holes each having a large 
diameter are formed in the outer periphery. Therefore, 
the wiring density in the central portion can be raised. 
Since the through holes formed in the central portion 
and each having the small diameter serve as the power 
supply line and the ground lines, a multiplicity of power 
supply lines and ground lines can be provided. Moreo- 
ver, the length opening electric wires from the IC chip to 
an external substrate can be shortened. Therefore, an 
influenceofthe inductance of the powersupply lines and 
the ground lines which is exerted on the IC chip can be 
reduced. As a result, malfunction of the I C chip can be 
prevented. Note that substitution of expression "imme- 
diately below" for the "central portion" is permitted. 
[0046] A method of manufacturing a multi-layer print- 
ed circuit board recited in claim 20 comprises at least 
the following steps (A) and (B); 

(A) providing penetrating openings which are 
formed into through holes and each of which has a 
small diameter for a core substrate; and 

(B) providing penetrating openings which are 
formed into through holes each having a large di- 
ameter for said core substrate. 

[0047] In claim 20, penetrating openings serving as 
the through holes and each having a small diameter and 
penetrating openings each having a large diameter and 
serving as through holes are formed in the core sub- 
strate. Therefore, a core substrate exhibiting a high de- 
gree of freedom of the wiring density can be manufac- 
tured with a low cost. Each through hole may be formed 
by either of a laser beam or drilling. It is preferable that 
the through hole having the small direction is formed by 
a laser beam. The laser beam may be a carbon dioxide 
gas laser beam, excimer laser beam, a YAG laser beam 



or an UV layer. As an alternative to this, an area process 
using a mask having penetrating opening formed there- 
in or combination of two or more types of laser beams 
may be employed. 

[0048] A method of manufacturing a multi-layer print- 
ed circuit board recited in claim 21 comprises at least 
the following steps (A) and (B) : 

(A) irradiating the central portion of a core substrate 
with laser beams or drilling the central portion to 
form penetrating openings which are formed into 
through holes and each of which has a small diam- 
eter; and 

(B) irradiating the central portion of said core sub- 
strate with laser beams or drilling the central portion 
to form penetrating openings which are formed into 
through holes and each of which has a large diam- 
eter. 

[0049] A method of manufacturing a multi-layer print- 
ed circuit board recited in claim 22 is characterized by 
said through holes each having the small diameter are 
mainly provided with power supply lines and ground 
lines, and said through holes each having the large di- 
ameter are mainly provided with signal lines, according 
to claim 21 . 

[0050] In aspects claimed in claims 20 and 21, 
through holes each having a small direction are formed 
in the central portion of the core substrate by laser 
beams or by drilling and through holes each having a 
large diameter are formed in the outer periphery by drill- 
ing or a laser beam. Therefore, a core substrate having 
a high degree of freedom of the wiring density can be 
formed in the central portion with a low cost. When the 
through holes each having the small diameter and 
formed in the central portion serve as the power supply 
lines and the ground lines, a multiplicity of power supply 
line and ground lines can be formed. Moreover, the 
length of each electric wire from the IC chip to the ex- 
ternal substrate can be shortened. Therefore, an influ- 
ence of the inductance of the powersupply lines and the 
ground lines which is exerted on the IC chip can be re- 
duced. As a result, malfunction of the IC chip can be 
prevented. The through holes each having the large di- 
ameter and a low probability of occurrence of a defect 
in the connection are mainly used as signal lines. More- 
over, the through holes each having the small diameter 
and having a high probability of a defect in the connec- 
tion are mainly used s the power supply line and the 
ground lines. Therefore, in a case where the through 
holes serving as the power supply line and the ground 
lines encounters disconnection, the multi-layer printed 
circuit board is able to continue a normal operation. 
[0051] A printed circuit board and a method of manu- 
facturing said printed circuit board recited in claim 23 
comprises a core substrate having the surface on which 
resin insulating layers and conductor circuits are alter- 
nately built up, wherein 
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said core substrate is constituted by forming open- 
ings in a resin plate by applying laser beams and by 
forming a sputtered layer on said resin plate by sputter- 
ing which is performed after said openings have been 
formed. 

[0052] A printed circuit board and a method of manu- 
facturing said printed circuit board recited in claim 24 
comprises at least the following steps (A) to (F): 

(A) forming openings in a resin plate which is 
formed into a core substrate by applying laser 
beams; 

(B) performing sputtering to form a sputtered layer 
on said resin plate; 

(C) performing electroless plating through said 
sputtered layer; 

(D) forming a resist having a predetermined pattern 
after said electroless plating has been performed; 

(E) performing electroplating to form an electroplat- 
ed layer in a portion in which said resist is not 
formed; and 

(F) performing etching after said resist has been re- 
moved to remove said sputtered layer and said 
electroless plated layer below said resist so as to 
form a conductor circuit. 

[0053] The foregoing process (a) may be performed 
by using one type of the laser beam or a mixed laser 
beam of two or more laser beams. 
[0054] A printed circuit board and a method of manu- 
facturing said printed circuit board recited in claim 25 is 
characterized by a carbon dioxide laser process, an ex- 
cimer laser process, a YAG laser process and an UV 
laser process, when said openings are formed in said 
resin plate by applying laser beams. 
[0055] A printed circuit board and a method of manu- 
facturing said printed circuit board recited in claim 26 is 
characterized in that at least one type of materials se- 
lected from Cu, Ni, Cr, Pd and Mo, is employed, when 
said sputtered layer is formed on said resin plate by 
sputtering. 

[0056] A printed circuit board and a method of manu- 
facturing a printed circuit board claimed in claims 23 to 
26 have a structure that the resin plate has openings 
formed by C0 2 laser beams (YAG laser beams, excimer 
laser beams or UV laser beams). Therefore, penetrating 
openings each having a smaller diameter as compared 
with that of each of penetrating openings formed by drill- 
ing can be formed. As distinct from a structure that open- 
ings are formed in a copper-clad laminated board by la- 
ser beams, leaving of copper in the through hole which 
causes a plated film formed in the through hole to be 
separated can be prevented. Moreover, time required to 
form the openings can be shortened. The openings are 
formed in the resin plate by using laser beams, and then 
one or more elements selected from Cu, Ni, Cr, Pd and 
Mo is brought into contact with the resin. Therefore, 
strength between the sputtered layer and the resin of 



1 .0 kg/cm 2 can be realized which is substantially the 
same as that realized by the conventional copper-clad 
laminated board. 

5 Brief Description of Drawings 

[0057] 

Figs. 1 (A), 1 (B), 1 (C), 1 (D) and 1 (E) are diagrams 
showing a process for manufacturing a multi-layer 
printed circuit board according to a first embodiment 
of the present invention; 

Figs. 2 (A), 2 (B), 2 (C) and 2 (D) are diagrams 
showing a process for manufacturing a multi-layer 
printed circuit board according to the first embodi- 
ment; 

Figs. 3 (A), 3 (B) and 3 (C) are diagrams showing a 
process for manufacturing a multi-layer printed cir- 
cuit board according to the first embodiment; 
Figs. 4 (A) and 4 (B) are diagrams showing a proc- 
ess for manufacturing a multi-layer printed circuit 
board according to the first embodiment; 
Figs. 5 (A) and 5 (B) are diagrams showing a proc- 
ess for manufacturing a multi-layer printed circuit 
board according to the first embodiment; 
Fig. 6 is a diagram showing the cross section of the 
multi-layer printed circuit board according to the first 
embodiment; 

Figs. 7 (A) and 7 (B) are diagrams showing a proc- 
ess for manufacturing a multi-layer printed circuit 
board according to a first modification of the first 
embodiment; 

Figs. 8 (A) and 8 (B) are diagrams showing a proc- 
ess for manufacturing a multi-layer printed circuit 
board according to a second modification of the first 
embodiment; 

Figs. 9 (A), 9 (B) and 9 (D) are diagrams showing a 
process for manufacturing a multi-layer printed cir- 
cuit board according to a third modification of the 
first embodiment; 

Figs. 10 (A) and 10 (B) are plan views showing a 
copper-clad laminated board constituting the multi- 
layer printed circuit board according to third modifi- 
cation of the first embodiment; 
Fig. 11 is a diagram showing a process for manu- 
facturing a multi-layer printed circuit board accord- 
ing to a fourth modification of the first embodiment; 
Fig. 12 (A), 12 (B), 12 (C) and 12 (D) are diagrams 
showing a process for manufacturing a multi-layer 
printed circuit board according to a second embod- 
iment; 

Figs. 1 3 (A), 1 3 (B), 1 3 (C) and 1 3 (D) are diagrams 
showing a process for manufacturing the multi-layer 
printed circuit board according to the second em- 
bodiment; 

Figs. 14(A), 14 (B) and 14 (C) are diagrams show- 
ing a process for manufacturing the multi-layer 
printed circuit board according to the second em- 
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bodiment; 

Figs. 15 (A), 15 (B) and 15 (C) are diagrams show- 
ing a process for manufacturing the multi-layer 
printed circuit board according to the second em- 
bodiment; 5 
Figs. 16 (A) and 16 (B) are diagrams showing a 
process for manufacturing the multi-layer printed 
circuit board according to the second embodiment; 
Figs. 17 (A) and 17 (B) are diagrams showing a 
process for manufacturing the multi-layer printed 10 
circuit board according to the second embodiment; 
Fig. 1 8 is a cross sectional view showing the multi- 
layer printed circuit board according to the second 
embodiment; 

Figs. 1 9 (A), 19 (B) and 1 9 (C) are diagrams show- 15 
ing a process for manufacturing a multi-layer print- 
ed circuit board according to a first modification of 
the second embodiment; 

Figs. 20 (A), 20 (B) and 20 (C) are diagrams show- 
ing a process for manufacturing the multi-layer 20 
printed circuit board according to the first modifica- 
tion of the second embodiment; 
Figs. 21 (A), 21 (B) and 21 (C) are diagrams show- 
ing a process for manufacturing the multi-layer 
printed circuit board according to the first modifica- 25 
tion of the second embodiment; 
Figs. 22 (A) and 22 (B) are diagrams showing a 
process for manufacturing the multi-layer printed 
circuit board according to the first modification of the 
second embodiment; 30 
Fig. 23 is a cross sectional view showing the multi- 
layer printed circuit board according to the first mod- 
ification of the second embodiment; 
Fig. 24 is a cross sectional view showing a multi- 
layer printed circuit board according to a second 35 
modification of the second embodiment; 
Fig. 25 is a graph showing results of a heat cycle 
test of the second embodiment; 
Figs. 26 (A), 26 (B), 26 (C), 26 (D) and 26 (E) are 
diagrams showing a process for manufacturing a 40 
printed circuit board according to a third embodi- 
ment; 

Figs. 27 (A), 27 (B), 27 (C) and 27 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the third embodiment; 45 
Figs. 28 (A), 28 (B), 28 (C) and 28 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the third embodiment; 
Figs. 29 (A), 29 (B), 29 (C) and 29 (D) are diagrams 
showing a process for manufacturing the printed cir- so 
cuit board according to the third embodiment; 
Figs. 30 (A), 30 (B), 30 (C) and 30 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the third embodiment; 
Figs. 31 (A) and 31 (B) are diagrams showing a 55 
process for manufacturing the printed circuit board 
according to the third embodiment; 
Fig. 32 is a cross sectional view showing a printed 



circuit board according to the third embodiment; 
Figs. 33 (A), 33 (B), 33 (C), 33 (D) and 33 (E) are 
diagrams showing a process for manufacturing a 
printed circuit board according to a first modification 
of the third embodiment; 

Fig. 34 (A), 34 (B) 3 34 (C) and 34 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the first modification of the 
third embodiment; 

Figs. 35 (A), 35 (B), 35 (C) and 35 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the first modification of the 
third embodiment; 

Figs. 36 (A), 36 (B), 36 (C) and 36 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the first modification of the 
third embodiment; 

Figs. 37 (A), 37 (B), 37 (C) and 37 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the first modification of the 
third embodiment; 

Figs. 38 (A) and 38 (B) are diagrams showing a 
process for manufacturing the printed circuit board 
according to the first modification of the third em- 
bodiment; 

Fig. 39 is across sectional view showing the printed 
circuit board according to the first modification of the 
third embodiment; 

Figs. 40 (A), 40 (B), 40 (C) and 40 (D) are diagrams 
showing a process for manufacturing a printed cir- 
cuit board according to a fourth embodiment; 
Figs. 41 (A), 41 (B), 41 (C) and 41 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the fourth embodiment; 
Figs. 42 (A), 42 (B), 42 (C) and 42 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the fourth embodiment; 
Figs. 43 (A), 43 (B) and 43 (C) are diagrams show- 
ing a process for manufacturing the printed circuit 
board according to the fourth embodiment; 
Figs. 44 (A), 44 (B) and 44 (C) are diagrams show- 
ing a process for manufacturing the printed circuit 
board according to the fourth embodiment; 
Figs. 45 (A) and 45 (B) are diagrams showing a 
process for manufacturing the printed circuit board 
according to the fourth embodiment; 
Fig. 46 is a cross sectional view showing the multi- 
layer printed circuit board according to the fourth 
embodiment; 

Fig. 47 is a cross sectional view showing the multi- 
layer printed circuit board according to the fourth 
embodiment; 

Fig. 48 (A) is a diagram showing wiring of electric 
lines in a core substrate according to the fourth em- 
bodiment and Fig. 48 (B) is a plan view showing the 
core substrate; 

Fig. 49 is a diagram showing a carbon dioxide gas 
laser unit for forming openings in the multi-layer 
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printed circuit board according to the fourth embod- 
iment; 

Figs. 50 (A), 50 (B), 50 (C) and 50 (D) are diagrams 
showing a process for manufacturing a printed cir- 
cuit board according to a first modification of the 5 
fourth embodiment; 

Figs. 51 (A), 51 (B), 51 (C) and 51 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the first modification of the 
fourth embodiment; 10 
Figs. 52 (A), 52 (B), 52 (C) and 52 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the first modification of the 
fourth embodiment; 

Figs. 53 (A), 53 (B) and 53 (C) are diagrams show- 15 
ing a process for manufacturing the printed circuit 
board according to the first modification of the fourth 
embodiment; 

Figs. 54 (A), 54 (B) and 54 (C) are diagrams show- 
ing a process for manufacturing the printed circuit 20 
board according to the first modification of the fourth 
embodiment; 

Figs. 55 (A), 55 (B) and 55 (C) are diagrams show- 
ing a process for manufacturing the printed circuit 
board according to the first modification of the fourth 25 
embodiment; 

Fig. 56 is a cross sectional view showing the multi- 
layer printed circuit board according to the first mod- 
ification of the fourth embodiment; 
Fig. 57 is a cross sectional view showing acore sub- 30 
strate of a multi-layer printed circuit board according 
to a second modification of the fourth embodiment; 
Figs. 58 (A), 58 (B), 58 (C) and 58 (D) are diagrams 
showing a process for manufacturing a printed cir- 
cuit board according to a fifth embodiment; 35 
Figs. 59 (A), 59 (B), 59 (C) and 59 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the fifth embodiment; 
Figs. 60 (A), 60 (B), 60 (C) and 60 (D) are diagrams 
showing a process for manufacturing the printed cir- 40 
cuit board according to the fifth embodiment; 
Figs. 61 (A), 61 (B), 61 (C) and 61 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the fifth embodiment; 
Figs. 62 (A), 62 (B), 62 (C) and 62 (D) are diagrams 45 
showing a process for manufacturing the printed cir- 
cuit board according to the fifth embodiment; 
Figs. 63 (A) and 63 (B) are diagrams showing a 
process for manufacturing the printed circuit board 
according to the fifth embodiment; so 
Figs. 64 (A) and 64 (B) are diagrams showing a 
process for manufacturing the printed circuit board 
according to the fifth embodiment; 
Fig. 65 is a cross sectional view showing the multi- 
layer printed circuit board according to a fifth em- 55 
bodiment; 

Figs. 66 (A), 66 (B), 66 (C) and 66 (D) are diagrams 
showing a process for manufacturing the printed cir- 



cuit board according to the fifth embodiment; 
Figs. 67 (A), 67 (B), 67 (C) and 67 (D) are diagrams 
showing a process for manufacturing the printed cir- 
cuit board according to the fifth embodiment; 
Figs. 68 (A) and 68 (B) are diagrams showing a 
process for manufacturing the printed circuit board 
according to the fifth embodiment; 
Fig. 69 is a cross sectional view showing a multi- 
layer printed circuit board according to a second 
modification of the fifth embodiment; 
Figs. 70 (A), 70 (B), 70 (C) and 70 (D) are diagrams 
showing a process for manufacturing a convention- 
al printed circuit board. 

Best Mode for Carrying Out the Invention 

[First Embodiment] 

[0058] The structure of a multi-layer printed circuit 
board according to a first embodiment of the present in- 
vention will now be described with reference to Fig. 6 
which is a cross sectional view. 

[0059] As shown in Fig. 6, a multi-layer printed circuit 
board 10 incorporates a core substrate 30 having right 
and reverse sides on which conductor circuits 34 are 
formed. Moreover, interlayer resin insulating layers 40 
are formed on the conductor circuits 34. Vias 52 and 
conductor circuit 54 are formed on the interlayer resin 
insulating layers 40. Solder resists 60 are formed above 
the interlayer resin insulating layers 40. Solder bumps 
68 are formed on the vias 52 and conductor circuits 54 
through openings 62 of the solder resists 60. 
[0060] The multi-layer printed circuit board according 
to this embodiment incorporate the core substrate 30 is 
constituted such that a lower insulating layer 14 and an 
upper insulating layer 20 sandwich a metal layer (a cir- 
cuit pattern) 18. Vias 32 are formed to vertically corre- 
spond to each other through the circuit pattern 18 so 
that each through hole 36 is formed. On the other hand 
the upper and lower vias 32 across the circuit pattern 
1 8 are deviated from each other so that each electric 
line is wired through the circuit pattern 18. 
[0061] In thefirst embodiment, the metal layer (the cir- 
cuit pattern) 18 is sandwiched by resins (insulating lay- 
ers) 20 and 1 4 so that strength is maintained. Thus, the 
thickness of the core substrate 30 can be reduced. 
Hence it follows that the thickness of the multi-layer 
printed circuit board can be reduced and the thermal 
conductivity can be improved. 

[0062] In the first embodiment, n on -penetrating open- 
ings 22 which reach the metal layer 1 8 are formed in the 
lower insulating layer 14 and the upper insulating layer 
20 of the core substrate 30 by a laser process and filled 
with plating so that the vias 32 are formed. Since the 
non-penetrating openings 22 which reach the metal lay- 
er 18 are simply required to be formed in the lower in- 
sulating layer 14 and the upper insulating layer 20, the 
depth of each penetrating opening which is formed by 
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a laser beam can be halved as compared with a con- 
ventional core substrate. That is, the conventional tech- 
nique is required to form the penetrating opening serv- 
ing as the through hole such that the thickness of the 
penetrating opening corresponds to the total thickness 
of the lower insulating layer 1 4 and the upper insulating 
layer 20. On the other hand, this embodiment is permit- 
ted to individually form the penetrating opening in each 
of the lower insulating layer 1 4 and the upper insulating 
layer 20. Therefore, the depth of each penetrating open- 
ing is halved. Therefore, fine non-penetrating openings 
can easily be formed by using laser beams. Hence it 
follows that through holes each having a small diameter 
can be formed. Thus, the degree of Integration of the 
multi-layer printed circuit board can be raised. 
[0063] Since the core substrate 30 has a multilayer 
structure, electric wires can be wired in each metal layer 
(the circuit pattern) 1 8 between the lower insulating lay- 
er 14 and the upper insulating layer 20 constituting the 
core substrate. Therefore, the number of the layers of 
the multi-layer printed circuit board can be reduced. 
[0064] A method of manufacturing the above-men- 
tioned multi-layer printed circuit board described with 
reference to Fig. 6 will now be described with reference 
to Figs. 1 to 5. 

(1 ) A one-side copper-clad plate 1 0 incorporating a 
substrate (the lower insulating layer) 14 which is 
constituted by resin having a thickness of 30u.m to 
300u.m and on which copper foil 12 having a thick- 
ness of 5 u.m to 50jxm is laminated is employed as 
a starting material (Fig. 1 (A)). The lower insulating 
layer 1 4 is constituted by a glass cloth or an aramid 
cloth impregnated with epoxy, BT (Bismaleimide- 
Triazine), polyimide or olefin. As an alternative to 
this, resin having no core member, such as the 
glass cloth or the aramid cloth, or a resin film having 
a reinforcing resin layer laminated thereon may be 
employed. 

[0065] Initially, the one-side copper-clad plate 10 is 
etched according to a pattern so that a circuit pattern 1 8 
is formed on the upper surface of the substrate 1 4 (Fig. 
1 (B)). Then, a film 20 a constituted by resin having a 
thickness of 30|xm to 300u.m is bonded to the upper sur- 
face of the circuit pattern 18 by pressing (Fig. 1 (C)). 
The resin film 20a may be constituted by the above- 
mentioned glass cloth or the aramid cloth impregnated 
with epoxy, BT (Bismaleimide-Triazine), polyimide or 
olefin. As an alternative to this, resin having no core 
member, such as the glass cloth orthe aramid cloth may 
be employed. That is, the lower insulating layer 14 and 
the upper insulating layer 20 may be constituted by the 
same material or different materials. It is preferable that 
the same material and the same structure (whether or 
not the core member is provided) are employed as the 
characteristics of the multi-layer printed circuit board. 
When different materials and different structures are 



employed, more various materials can be selected. 
When the lower insulating layer 14 and the upper insu- 
lating layer 20 are constituted by the resin having the 
core member made of the glass cloth or the aramid 

s cloth, the strength of the core substrate 30 can be in- 
creased. When the core member is not used, metal mi- 
gration through the core member can be prevented. 
Thus, the insulating characteristic between through 
holes can be maintained for a long time. Although the 

10 resin film is bonded in this embodiment, resin may be 
applied and the resin is hardened as a substitute for the 
resin film. The rough surface may be formed on the cir- 
cuit pattern. The rough surface may be formed by oxi- 
dizing/reducing process, etching or electroless plating. 

15 The rough surface can improve the adhesiveness. 
[0066] Then, the resin film 20a is heated and hard- 
ened so that the upper insulating layer 20 is formed. 
Then, C0 2 laser, YAG laser or excimer laser is used to 
form the non-penetrating opening 22 which reaches the 

20 circuit pattern 1 8 and having a diameter of 50pm and 
250u.m is formed in the upper insulating layer 20 and 
the lower insulating layer 14 (Fig. 1 (D)). The range of 
75 to 150 is desirable. Since this embodiment has the 
structure that each of the upper insulating layer 20 and 

25 the lower insulating layer 1 4 has the small thickness of 
30u.m to 200u,m, fine openings can be formed by apply- 
ing laser beams. 

[0067] Then, a desmear process is performed, and 
then a palladium catalyst is supplied. Then, the core 
30 substrate 30 is immersed in electroless plating solution 
so that an electroless plated film 24 having a thickness 
of 15 u,m is uniformly deposited on the surface of the 
core substrate 30 (Fig. 1 (E)). Although the electroless 
plating is employed in this embodiment, a metal film 
35 made of copper or nickel may be formed by sputtering. 
Although sputtering is disadvantage from a viewpoint of 
cost reduction, the sputtering has an advantage that the 
adhesiveness with the resin can be improved. 
[0068] Then , a photosensitive dry film is bonded to the 
40 surface of the core substrate 30, and then a mask is 
placed to form exposure and development processes. 
Thus, a plating resist 26 having a thickness of 15 u,m is 
formed (Fig. 2 (A)). Then, the core substrate 30 is im- 
mersed in electroless plating solution, and then an elec- 
ts trie current is supplied through the electroless plated film 
24 so that an electroplating 28 is formed in a portion in 
which the resist 26 is notformed. At this time, the surface 
of the non-penetrating opening 22 is flattened by enclos- 
ing the electroplating 28 (Fig. 2 (B)). 
so [0069] Then, the resist 26 is separated and removed 
with 5% KOH, and then etching is performance by using 
a mixed solution of sulfuric acid and hydrogen peroxide 
so that the electroless plated film 24 below the resist is 
dissolved and removed. Thus, the conductor circuits 34 
55 composed of the electroless plated film 24 and the elec- 
troplating 28 and having a thickness of 1 8 u.m (1 0u.m to 
30u. m) and the vias 32 are obtained (Figs. 2 (C)). In the 
first embodiment, the vias 32 are formed to correspond 
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to each other across the circuit pattern 18 so that the 
through hole 36 is formed. On the other hand, the posi- 
tions of the upper and lower vias 32 across the circuit 
pattern 18 are deviated from each other, electric lines 
are wired through the circuit pattern 1 8. 
[0070] Moreover, the core substrate 30 is immersed 
in chromic acid for 3 minutes to perform a process for 
etching the su rface of the core substrate 30 between the 
conductor circuits 34 by 1 pjm so as to remove the pal- 
ladium catalyst on the surface. Then, etching solution 
containing a cupric salt complex and an organic acid is 
used to form a rough surface (not shown) on the surface 
of each of the conductor circuit 34 and the via 32. Then, 
the surfaces is subjected to Sn substitution. 
[0071] A thermosetting resin 36a made of epoxy, BT, 
polyimide or olefin is applied to the surface of the core 
substrate 30, and then the core substrate 30 is dried 
(pre-baked) (Fig. 2 (D)). Then, C0 2 laser, YAG laser or 
excimer laser is used to form non-penetrating openings 
42 which reach the conductor circuit 34 and the via 32 
and each having a diameter of 1 0Ourn to 250^im. Then, 
heating is performed so that the interlayer resin insulat- 
ing layers 40 each having the non-penetrating opening 
42 is formed (Fig. 3 (A)). The interlayer resin insulating 
layer may be made of the resin which is the same as the 
resin constituting the lower insulating layer 14 and the 
upper insulating layer 20. As an alternative to this, dif- 
ferent resin may be employed. A mixed material of ther- 
mosetting resin and thermoplastic resin may be em- 
ployed as a substitute for the thermosetting resin. More- 
over, a filler made of silicon or resin maybe mixed. When 
a soluble filler is mixed and the filler is dissolved with a 
chemicals solution, the surface of the interlayer -resin 
insulating layer can be roughened. Although the resin is 
applied in this embodiment, a resin film may be em- 
ployed similarly to the upper insulating layer 20. In the 
embodiment, it is desirable that the interlayer resin in- 
sulating layer does not have a core part and has a high 
coefficient of thermal expansion. Thus, a via can be eas- 
ily made. 

[0072] The resin film contains refractory resin, soluble 
particles, a hardening agent and other components. The 
materials will now be described, 
[0073] The thermosetting resin film for use in the resin 
insulating layer in the manufacturing method according 
to the present invention has a structure that particles 
soluble in acid or an oxidizer (hereinafter called "soluble 
particles") are dispersed in resin which is refractory with 
respect to acid or an oxidizer (hereinafter called "refrac- 
tory resin"). 

[0074] The expressions "refractory" and "soluble" will 
now be described. When materials are immersed in so- 
lution composed of the same acid or the same oxidizers 
for the same time, a material of a type which is dissolved 
at a relatively high dissolving rate is called a "soluble" 
material for convenience. A material of a type which is 
dissolved at a relatively slow dissolving rate is called a 
"refractory material" for convenience. 



[0075] The soluble particles are exemplified by resin 
particles which are soluble in acid or an oxidizer (here- 
inafter called "soluble resin particles"), inorganic parti- 
cles which are soluble in acid or an oxidizer (hereinafter 
called "inorganic soluble particles") and metal particles 
which are soluble in acid or an oxidizer (hereinafter 
called "soluble metal particles"). The foregoing soluble 
particles may be employed solely or two or more parti- 
cles may be employed. 

[0076] The shape of each of the soluble particles is 
not limited. The shape may be a spherical shape or a 
pulverized shape. It is preferable that the particles have 
a uniform shape. The reason for this lies in that a rough 
surface having uniformly rough pits and projections can 
be formed. 

[0077] It is preferable that the mean particle size of 
the soluble particles is 0.1 u,m to 1 0|im. When the parti- 
cles have the diameters satisfying the foregoing range, 
particles having two or more particle sizes may be em- 
ployed. That is, soluble particles having a mean particle 
size of 0.1 u.m to 0.5 um and soluble particles having a 
mean particle size of 1 ujn to 3ujnm may be mixed. 
Thus, a more complicated rough surface can be formed. 
Moreover, the adhesiveness with the conductor circuit 
can be improved. In the present invention, the particle 
size of the soluble particles is the length of a longest 
portion of each of the soluble particles. 
[0078] The soluble resin particles may be particles 
constituted by thermosetting resin or thermoplastic res- 
in. When the particles are immersed in solution com- 
posed of acid or an oxidizer, the particles must exhibit 
dissolving rate higher than that of the foregoing refrac- 
tory resin. 

[0079] Specifically, the soluble resin particles are ex- 
emplified by particles constituted by epoxy resin , phenol 
resin, polyimide resin, polyphenylene resin, polyolefin 
resin or fluorine resin. The foregoing material may be 
employed solely ortwo or more materials maybe mixed. 
[0080] The soluble resin particles may be resin parti- 
cles constituted by rubber. Rubber above is exemplified 
by polybutadiene rubber, a variety of denatured polyb- 
utadiene rubber, such as denatured epoxy rubber, de- 
natured urethane rubber or denatured (metha) acryloni- 
trile rubber, and (metha) acrylonitrile butadiene rubber 
containing a carboxylic group. When the foregoing rub- 
ber material is employed, the soluble resin particles can 
easily be dissolved in acid or an oxidizer. That is, when 
the soluble resin particles are dissolved with acid, dis- 
solution is permitted with acid except for strong acid. 
When the soluble resin particles are dissolved, dissolu- 
tion is permitted with permanganate which has a rela- 
tively weak oxidizing power. When chromic acid is em- 
ployed, dissolution is permitted even at a low concen- 
tration. Therefore, retention of the acid or the oxidizer 
on the surface of the resin can be prevented. When a 
catalyst, such as palladium chloride, is supplied after the 
rough surface has been formed as described later, inhi- 
bition of supply of the catalyst and oxidation of the cat- 



15 



20 



25 



30 



35 



40 



45 



50 



11 



21 



EP1 194 022 A1 



22 



alyst can be prevented. 

[0081 ] The inorganic soluble particles are exemplified 
by particles made of at least a material selected from a 
group consisting of an aluminum compound, a calcium 
compound, a potassium compound, a magnesium com- s 
pound and a silicon compound. 

[0082] The aluminum compound is exemplified by 
alumina and aluminum hydroxide. The calcium com- 
pound is exemplified by calcium carbonate and calcium 
hydroxide. The potassium compound is exemplified by 
potassium carbonate. The magnesium compound is ex- 
emplified by magnesia, dolomite and basic magnesium 
carbonate. The silicon compound is exemplified by silica 
and zeolite. The foregoing material may be employed 
solely or two or more materials may be mixed. 
[0083] The soluble metal particles are exemplified by 
particles constituted by at least one material selected 
from a group consisting of copper, nickel, iron, zinc, 
lead, gold, silver, aluminum, magnesium, potassium 
and silicon. The soluble metal particles may have sur- 
faces coated with resin or the like in order to maintain 
an insulating characteristic. 

[0084] When two or more types of the soluble parti- 
cles are mixed, it is preferable that the combination of 
the two types of soluble particles is combination of resin 
particles and inorganic particles. Since each of the par- 
ticles has low conductivity, an insulating characteristic 
with the resin film can be maintained. Moreover, the 
thermal expansion can easily be adjusted with the re- 
fractory resin. Thus, occurrence of a crack of the inter- 
layer resin insulating layer constituted by the resin film 
can be prevented. Thus, separation between the inter- 
layer resin insulating layer and the conductor circuit can 
be prevented. 

[0085] The refractory resin is not limited when the res- 
in is able to maintain the shape of the rough surface 
when the rough surface is formed on the interlayer resin 
insulating layer by using acid or oxidizer. The refractory 
resin is exemplified by thermosetting resin, thermoplas- 
tic resin and their composite material. As an alternative 
to this, the foregoing photosensitive resin of a type hav- 
ing photosensitive characteristic imparted thereto may 
be employed. When the photosensitive resin is em- 
ployed, exposure and development processes of the in- 
terlayer resin insulating layers can be performed to form 
the openings for the via holes. 

[0086] In particular, it is preferable that the resin con- 
taining thermosetting resin is employed. In the foregoing 
case, the shape of the rough surface can be maintained 
against plating solution and when a variety of heating 
processes are performed. 

[0087] The refractory resin is exemplified by epoxy 
resin, phenol resin, phenoxy resin, polyimide resin, 
polyphenylene resin, polyolefin resin and fluorine resin. 
The foregoing material may be employed solely or two 
or more types of the materials may be mixed. 
[0088] It is preferable that epoxy resin having two or 
more epoxy groups in one molecule thereof is em- 



ployed. The reason for this lies in that the foregoing 
rough surface can be formed. Moreover, excellent heat 
resistance and the like can be obtained. Thus, concen- 
tration of stress onto the metal layer can be prevented 
even under a heat cycle condition. Thus, occurrence of 
separation of the metal layer can be prevented. 
[0089] The epoxy resin is exemplified by cresol novol- 
ac epoxy resin, bisphenol-A epoxy resin, bisphenol-F 
epoxy resin, phenol novolac epoxy resin, alkylphenol 
novolac epoxy resin, biphenol-F epoxy resin, naphtha- 
lene epoxy resin, dicyclopentadiene epoxy resin, an 
epoxy material constituted by a condensation material 
of phenol and an aromatic aldehyde having a phenol hy- 
droxyl group, triglycidyl isocyanurate and alicyclic epoxy 
resin. The foregoing material may be employed solely 
or two or more material may be mixed. Thus, excellent 
heat resistance can be realized. 
[0090] It is preferable that the soluble particles in the 
resin film according to the present invention are sub- 
stantially uniformly dispersed in the refractory resin. The 
reason for this lies in that a rough surface having uniform 
pits and projections can be formed. When via holes and 
through holes are formed in the resin film, adhesiveness 
with the metal layer of the conductor circuit can be main- 
tained. As an alternative to this, a resin film containing 
soluble particles in only the surface on which the rough 
surface is formed may be employed. Thus, the portions 
of the resin film except for the surface is not exposed to 
acid or the oxidizer. Therefore, the insulating character- 
istic between conductor circuits through the interlayer 
resin insulating layer can reliably be maintained. 
[0091] It is preferable that the amount of the soluble 
particles which are dispersed in the refractory resin is 3 
wt% to 40 wt% with respect to the resin film. When the 
amount of mixture of the soluble particles is lower than 
3 wt%, the rough surface having required pits and pro- 
jections cannot be formed. When the amount is higher 
than 40 wt%, deep portions of the resin film are unde- 
sirably dissolved when the soluble particles are dis- 
solved by using acid orthe oxidizer. Thus, the insulating 
characteristic between the conductor circuits through 
the interlayer resin insulating layer constituted by the 
resin film cannot be maintained. Thus, short circuit is 
sometimes is caused to occur. 

[0092] It is preferable that the resin film contains a 
hardening agent and other components as well as the 
refractory resin. 

[0093] The hardening agent is exemplified by an imi- 
dazole hardening agent, an amine hardening agent, a 
guanidine hardening agent, an epoxy adduct of each of 
the foregoing hardening agents, a microcapsule of each 
of the foregoing hardening agents and an organic phos- 
phine compound, such as triphenylphosphine or tetra- 
phenyl phosphonium tetraphenyl borate. 
[0094] It is preferable that the content of the hardening 
agent is 0.05 wt% to 1 0 wt% with respect to the resin 
film. When the content is lower than 0.05 wt%, the resin 
film cannot sufficiently be hardened. Thus, introduction 
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of acid and the oxidizer into the resin film occurs greatly. 
In the foregoing case, the insulating characteristic of the 
resin film sometimes deteriorates. When the content is 
higher than 10wt%, an excessively large quantity of the 
hardening agent component sometimes denatures the 
composition of the resin. In the foregoing case, the reli- 
ability sometimes deteriorates. 

[0095] The other components are exemplified by an 
inorganic compound which does not exert an influence 
on the formation of the rough surface and a filler consti- 
tuted by resin. The inorganic compound is exemplified 
by silica, alumina and dolomite. The resin is exemplified 
by polyimide resin, polyacrylic resin, polyamideimide 
resin, polyphenylene resin, melanine resin and olefin 
resin. When any one of the foregoing fillers is contained, 
conformity of the thermal expansion coefficients can be 
established. Moreover, heat resistance and chemical re- 
sistance can be improved. As a result, the performance 
of the printed circuit board can be improved. 
[0096] The resin film may contain solvent. The solvent 
is exemplified by ketone, such as acetone, methylethyl 
ketone orcyclohexane; aromatic hydrocarbon, such as 
ethyl acetate, butyl acetate, cellosolve acetate, toluene 
or xylene. The foregoing material may be employed 
solely or two or more materials may be mixed. 
[0097] Then, a desmear process is performed, and 
then a palladium catalyst is supplied, and then immer- 
sion into electroless plating solution is performed so that 
an electroless plated film 44 having a thickness of 15 
um is uniformly deposited on the surface of the interlay- 
er resin insulating layers 40 (Fig. 3 (B)). 
[0098] Then, a plating resist 46 is formed on the sur- 
face of the electroless plated film 44 (Fig. 3 (C)). Then, 
an electroplating 48 is formed on a portion in which the 
resist 46 is not formed (Fig. 4 (A)). 
[0099] Then, the resist 46 is separated and removed, 
and then etching is performed so that the electroless 
plated film 42 below the plating resist is dissolved and 
removed. Thus, a conductor circuit 54 composed of the 
electroless plated film 42 and the electroplating 48 and 
having a thickness of 18 p.m (10u.m to 30ujn) and vias 
52 are obtained (Fig. 4 (B)). Then, a rough layer (not 
shown) is formed on the surface of each of the conductor 
circuit 54 and the vias 52. 

[0100] Then, solder bumps are formed on the above- 
mentioned multi-layer printed circuit board. Initially, 
46.67 g of oligomer (having a molecular weight of 4000) 
which is obtained by forming 50 % of epoxy groups of 
60 wt% cresol novolac epoxy resin (manufactured by 
Nippon Kayaku) dissolved in DMDG into an acrylic 
structure and which imparts photosensitive characteris- 
tic, 15.0 g of 80 wt% bisphenol A epoxy resin (Epicoat 
1001 manufactured by Yuka Shell) dissolved in methyl- 
ethyl ketone, 1.6 g of imidazole hardening material 
(2E4MZ-CN manufactured by Shikoku Chemicals), 3 g 
of polyhydric acryl monomer which is a photosensitive 
monomer (R604 manufactured by Nippon Kayaku), 1 .5 
g of polyhydric acryl monomer (DPE6A manufactured 



by Kyoei Chemical) and 0.71 g of dispersing defoaming 
agent (S-65 manufactured by Sannopuko) were mixed 
with one another. Then, 2 g of benzophenone (manu- 
factured by Kanto Chemical) serving as a photoinitiator 

5 and 0.2 g of Michler's ketone (manufactured by Kanto 
Chemical) serving as a photosensitizer were added. 
Then, the viscosity was adjusted to 2.0 Pa.s at 25°C so 
that a solder resist composition was obtained. 
[0101 ] Note that the viscosity was measured by using 

10 No. 4 rotor of a B-type viscometer (DVL-B manufactured 
by Tokyo Keiki (Tokimec)) when the velocity was 60 rpm 
and No. 3 rotor of the same when the velocity was 6 rpm. 
[0102] A solder resist composition 70a was applied to 
each side of the multi-layer printed circuit board to have 

15 a thickness of 20u. m. Then, a drying process was per- 
formed at 70°Cfor20 minutes and 70°Cfor30 minutes. 
Then, a photomask film having a circular pattern (a 
mask pattern) drawn thereon and a thickness of 5 mm 
was made hermetic contact and placed. Then, exposure 

20 was performed with ultraviolet rays with 1000 mJ/cm 2 , 
and then a DMTG development process was performed. 
Then, a heat process was performed at 80°C for one 
hour, 100°C for one hour, 120°Cforone hourand 150°C 
for three hours. Thus, a solder resist layer (having a 

25 thickness of 20 mm) 60 having the opening 62 (having 
a diameter of 200ujti) formed in the solder pad portions 
(including the via holes and their land portions) was 
formed (Fig. 5 (A)). 

[0103] Then, immersion in electroless nickel plating 

30 solution composed of 2.3 x 10* 1 mol/l nickel chloride, 
2.8 x 10 _1 mol/l sodium hypophosphite and 1 .6 X 10" 1 
mol/l sodium citrate and having pH = 4.5 is performed 
for 20 minutes. Thus, a metal layer 64 having a thick- 
ness of 5u,m is formed in the opening 62. Then, immer- 

35 sion in electroless gold plating solution is performed 
which is composed of 7.6 x 10" 3 moi/l gold potassium 
cyanide, 1.9 x 10* 1 mol/l ammonia chloride, 1.2 x 10 _1 
mol/l sodium citrate and 1 .7 x 10' 1 mol/l sodium hypo- 
phosphite is performed under condition of 80°C for 7.5 

40 minutes. Thus, a gold plated layer 66 having a thickness 
of 0.03 u.m is formed on the metal layer 72 (Fig. 5 (B)). 
[0104] Then, the opening 62 of the solder resist layer 
60 is filled with solder paste (not shown). Then, solder 
enclosed in the opening 62 is reflowed at 200°C so that 

45 solder bump (solder) 68 is formed (see Fig. 6). 

[0105] After the flux is cleaned, an apparatus incorpo- 
rating a rooter is operated to section and cut the sub- 
strate to have a proper size. Then, a checker process is 
performed in which short circuit and disconnection of the 

so printed circuit board are inspected so that a required 
printed circuit board is obtained. 

(First Modification of First Embodiment) 

55 [0106] A method of manufacturing a multi-layer print- 
ed circuit board according to a first modification of the 
first embodiment will now be described with reference 
to Fig. 7. 
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[0107] The first modification is arranged to perform 
the processes according to the first embodiment shown 
in Figs. 1 (A) and 1 (B). In the first embodiment, the film 
20 which is formed into the upper insulating layer 20 is 
directly bonded in the process shown in Fig. 1 (C). In 
the first modification, as shown in Fig. 7 (A), resin 19 is 
applied to the upper surface of a circuit pattern 18. Then, 
the resin is semi-dried until stage B is realized, and then 
the film 20 a is brought into hermetic contact by pressing 
(Fig. 7 (B)). The core substrate according to the first 
modification is excellent in the surface smoothness as 
compared with the first embodiment. 

(Second Modification of First Embodiment) 

[0108] A method of manufacturing a multi-layer print- 
ed circuit board of a multi-layer printed circuit board ac- 
cording to a second modification of the first embodiment 
will now be described with reference to Fig. 8. 
[0109] The second modification is arranged to per- 
form a process similar to that according to the first mod- 
ification shown in Fig. 1 (A) . In the first modification, the 
film 20 serving as the upper insulating layer 20 is directly 
bonded to the resin 19 in the process shown in Fig. 1 
(B). On the other hand, the second modification is ar- 
ranged as shown in Fig. 8 (A) such that the resin 19 is 
applied to the surface of the circuit pattern 1 8. Then, the 
resin is semi-hardened until astage-B state is realized. 
Then, buffing of the resin 19 is performed by means of 
belt sander polishing using #600 belt sand-paper (man- 
ufactured by Sankyo Chemical) so that the resin 19 is 
smoothed (Fig. 8 (B)). Then, a heat process is per- 
formed so that the resin 19 is hardened. Then, the film 
20a is brought into hermetic contact by using a press 
(Fig. 8 (C)). The core substrate according to the second 
modification is excellent in the surface smoothness as 
compared with the first modification. 
[0110] In the second modification, the vias 32 and the 
conductor circuits 34 are provided for the core substrate 
30 (a process shown in Fig. 2 (C)). The foregoing resin 
is applied and polished before the resin 40a which is 
formed into the interlayer resin insulating layer is applied 
(a process shown in Fig. 2 (D)) so that the surfaces of 
the vias 32 and the conductor circuits 34 are smoothed. 

(Third Modification of First Embodiment) 

[0111] A method of manufacturing a multi-layer print- 
ed circuit board according to a third modification of the 
first embodiment will now be described with reference 
to Figs. 9 and 10. 

[0112] In the third modification, a one-side copper- 
clad plate 1 1 0 incorporates the copper foil 1 2 which has 
a thickness (1 00u.m) smaller than that according to the 
first embodiment Fig. 9 (A)). Initially, a mask is applied 
to the outer periphery of the one-side copper-clad plate 
1 1 0 so that etching is performed. Thus, the thickness of 
the copper foil in the central portion is reduced to about 



30um (Fig. 9 (B)). Fig. 10 (A) is apian view showing the 
one-side copper-clad plate 110 shown in Fig. 9 (B). Fig. 
9 (B) corresponds to a cross sectional view taken along 
X-X shown in Fig. 10 (A), that is, a portion adjacent to 

5 the right-hand end. 

[0113] Then, the copper foil 12 is etched according to 
the pattern so that the circuit pattern 1 8 is formed in the 
central portion such that the copper foil 12 having the 
thickness of IOOujti is left (Fig. 9 (C)). Fig. 10 (B) is a 

10 plan view of the one-side copper-clad plate 1 1 0 shown 
in Fig. 9 (C). As shown in the drawing, the copper foil 
12 is left in the outer periphery of the one-side copper- 
clad plate 110. Moreover, 9 circuit patterns 70 are 
formed on the inside of the copper foil 12. The circuit 

15 patterns 70 is a set of circuit patterns 1 8 shown in Fig. 
9(C). 

[01 1 4] The one-side copper-clad plate 1 1 0 according 
to the third modification permits 9 multi-layer printed cir- 
cuit boards to be obtained. The following process is per- 

20 formance so that the interlayer resin insulating layer, the 
circuits and so forth are formed similarly to the first em- 
bodiment. Then, cutting is performed so that the 9 multi- 
layer printed circuit boards are formed. When the cutting 
process is performed, the residual outer periphery of the 

25 copper foil 1 2 is discarded. 

[0115] The multi-layer printed circuit board according 
to the third modification has the thick copper foil 12 left 
in the outer periphery of the lower insulating layer 14. 
Therefore, in a case where the circuit pattern (the metal 

30 layer) 18, the lower insulating layer 14 and the upper 
insulating layer 20 (the core substrate) each having a 
small thickness are employed, warpage of the core sub- 
strate does not occur in the manufacturing process. 

35 (Fourth Modification of First Embodiment) 

[0116] The structure of a multi-layer printed circuit 
board according to a fourth modification of the first em- 
bodiment will now be described with reference to Fig. 1 1 . 

40 [0117] The multi-layer printed circuit board according 
to the first embodiment described with reference to Fig. 
6 incorporates the solder bumps 68 for connecting a 
daughter board, the solder bumps 68 being disposed on 
the lower surface of the multi-layer printed circuit board. 

45 On the other hand, the fourth modification incorporates 
conductive connection pins 78. Since the other structure 
is similar to that of the multi-layer printed circuit board 
described with reference to Fig. 6, the other structure is 
omitted from description. 

50 

[Second Embodiment] 

[0118] The structure of the multi-layer printed circuit 
board according to a second embodiment of the present 
55 invention will now be described with reference to Fig. 1 8 
which is a cross sectional view. 

[0119] A multi-layer printed circuit board 210 accord- 
ing to the second embodiment incorporates conductor 
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circuit 234 formed on each of the upper surface and the 
lower surface of a core substrate 230. An interlayer resin 
insulating layer 250 is formed on each conductor circuit 
234. The lower interlayer resin insulating layer 250 has 
via holes 260 and conductor circuits 258. An upper in- 5 
terlayer resin insulating layer 281 having via holes 285 
is formed on the lower interlayer resin insulating layer 
250 which is the upper layer. A solder resist layer 270 
is formed on the surface of the upper interlayer resin 
insulating layer 281 of the upper layer and the lower in- io 
terlayer resin insulating layer 250 which is the lower lay- 
er. 

[0120] Solder bumps 276U for establishing the con- 
nection with the IC chip is disposed in the opening 271 U 
of the solder resist layer 270 on the upper surface of the '5 
multi-layer printed circuit board 21 0. On the other hand, 
the package substrate has a bottom surface on which 
the solder resist layer 270 is formed in which openings 
271 D are formed in which solder bumps 276D for estab- 
lishing the connection with the daughter board are dis- 20 
posed. 

[0121] The solder bumps 276U are connected to 
through holes 236 through via holes 285 formed in the 
interlayer resin insulating layer 281 and the via holes 
260 formed in the interlayer resin insulating layer 250. 25 
On the other hand, the solder bumps 276D are connect- 
ed to the through holes 236 through via holes 260 
formed in the interlayer resin insulating layer 250. 
[0122] Each of the through holes 236 formed in the 
core substrate 230 incorporates a first electroplated lay- 30 
er 224, an electroless plated film 226 and a second elec- 
troplated layer 228. Since the through holes 236 are 
formed by enclosing plating, the strength of the core 
substrate 230 can be increased. Thus, warpage does 
not easily occur. Hence it follows that the thickness of 35 
the core substrate can be reduced and the heat radiating 
characteristic of the multi-layer printed circuit board can 
be improved. Since each through hole 236 is formed by 
enclosing the first electroplated layer 224, the electro- 
less plated film 226 and the second electroplated layer 40 
228, insufficient enclosure in the through hole can be 
prevented. 

[0123] As described later, the multi-layer printed cir- 
cuit board according to the second embodiment incor- 
porates the through holes 236 which are formed by laser 45 
beams. Therefore, through holes 236 each having a 
small diameter can be formed at short pitches. It leads 
to a fact that a high degree of integration can be realized. 
[0124] A method of manufacturing a multi-layer print- 
ed circuit board 210 shown in Fig. 18 will nowbe de- 50 
scribed with reference to the drawings. 

(1) A substrate 230 obtained by causing a glass 
cloth or an aramid cloth to be impregnated with BT 
(Bismaleimide-Triazine) resin, polyimide resin, ole- 55 
fin adjacent or polyphenol ether resin is employed 
as a starting material (Fig. 12 (A)). It is preferable 
that the thickness of the substrate 230 satisfies a 



range from 20 \xm to 800u.m, more preferably 
1 0O^m to 500p.m. The reason for this lies in that the 
foregoing thickness enables the strength required 
as the core substrate to be maintained. Thus, non- 
penetrating openings can easily be formed by laser 
beams. Although the core member is impregnated 
with the resin, resin having no core member or resin 
obtained by laminating reinforcing resin laser may 
be employed as a substitute for the foregoing struc- 
ture. 

(2) A metal layer 222 having a thickness of 6 u.m to 
20 mm is formed on the lower surface of the sub- 
strate 230 by sputtering (Fig. 1 2 (B)). The metal lay- 
er 222 may be made of copper, nickel, chrome, co- 
balt or aluminum. It is preferable that copper or an 
alloy mainly composed of copper is employed be- 
cause the cost can be reduced and electric resist- 
ance can be decreased. In this embodiment, sput- 
tering is employed which is excellent in the adhe- 
siveness with the substrate 230 constituted by resin 
and with which the thickness can be reduced. As an 
alternative to this, low-cost electroless plating or 
evaporation with which a thin metal layer can be 
formed at a low cost may be employed. As an alter- 
native to this, electroplating may be performed after 
the electroless plating, sputtering or the evapora- 
tion. As the core substrate, a copper-clad laminated 
board incorporating laminated copper foil may be 
employed. It is preferable that the thickness of the 
metal layer 222 satisfies a range from 6 u.m to20ujTi, 
more preferably a range from 8 jim to 1 5 um Since 
the foregoing thickness permits the strength to be 
maintained, warpage can be prevented. Moreover, 
laser beam energy can be absorbed when the non- 
penetrating openings are formed in the substrate 
230 as described later. 

(3) Then, the substrate 230 is irradiated with carbon 
dioxide laser beam through the surface in which the 
metal layer 222 is not formed so that non-penetrat- 
ing openings 232 which reach the metal layer 222 
are formed (Fig. 12 (C)). It is preferable that the di- 
ameter of each non-penetrating opening is 50p.m to 
250pm, more preferably 75pm to 150ujti. It is pref- 
erable that the pitch is 400um to 600 pm. It is pref- 
erable that the radius of each non-penetrating 
opening 232 has a small diameter to raise the wiring 
density. However, the manufacturing yield deterio- 
rates in inverse proportion to the radius. Each non- 
penetrating opening 232 may be formed by the car- 
bon dioxide laser or a mask having penetrating 
openings may be placed on the substrate 230 to col- 
lectively form the non-penetrating openings. Al- 
though the carbon dioxide laser is employed be- 
cause of a low cost and a large output of the carbon 
dioxide laser, excimer, UV or YAG may be employed 
as a substitute for the carbon dioxide laser. The 
foregoing lasers may be mixed. 

Then, acid or an oxidizer is used to perform a 
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process for desmearing the inside portion of each 
non-penetrating opening 232. Then, oxygen, car- 
bon tetrachloride or nitrogen may be used to per- 
form a dry process, such as a plasma process, a 
corona process or an UV process so as to smooth 5 
the inner wall of each non-penetrating opening 232. 

(4) Then, a film 23 is brought into hermetic contact 
with the metal film 20, and then the substrate 230 
is immersed in electrolytic copper plating solution 

to supply an electric current through the metal layer 10 
222 so as to form a first plated layer 224 on the inner 
surface of each no n -penetrating opening 232 (Fig. 
12 (D)). It is preferable that the first electroplated 
layer is formed by copper plating with which electric 
resistance can be decreased. As an alternative to 15 
this, nickel, chrome, cobalt or aluminum may be em- 
ployed. 

(5) A metal film 226 having a thickness of 0.1 u.m to 
10 ^m is formed on the upper surface of the sub- 
strate 230 by electroless plating (Fig. 13(A)). The 20 
metal layer may be made of copper, nickel, chrome, 
cobalt or aluminum. It is preferable that copper or 

an alloy mainly composed of copper is employed 
because the cost can be reduced and the electric 
resistance can be decreased. As an alternative to 25 
the electroless plating, sputtering or evaporation 
excellent in the adhesiveness with the substrate 
230 made of the resin may be employed. It is pref- 
erable that the thickness of the metal film 226 sat- 
isfies a range from 0.1 u.m to 10 um When the thick- 30 
ness satisfies the foregoing range, the circuit can 
be formed in a case where etching is performed. It 
is preferable that the thickness satisfies a range 
from 0.5 um to 5 jim. 

(6) The substrate 230 is immersed in electrolytic 35 
copper plating solution to supply an electric current 

to the metal film 226 so that the non-penetrating 
opening 232 is filled with a second plated layer 228 
so that each through hole 236 is formed (Fig. 13 
(B)). It is preferable that the electroplating is per- 40 
formed by using the same metal as that for consti- 
tuting the first plated layer. As described above with 
reference to Fig. 18, it is preferable that height H1 
of the first plated layer 224 and height H2 of the sec- 
ond plated layer 228 are substantially the same. 45 
When the height are not same, it is desirable that 
the width of H2 is 5 to 100 u.m. Thus, the second 
plated layer is easily plated and the flatness of the 
land can be improved. To smooth the surface of the 
second plated layer 228, etching, buffing, belt- so 
sander polishing or jet scrub polishing with which 
abrasive grains are sprayed may be performed. 

(7) The film 23 is separated, and then etching resist 
is applied according to a predetermined pattern so 
that patterning is performed. Thus, a conductor cir- 55 
cuit 234 is formed on the surface of the core sub- 
strate 230. Moreover, a land 236a is formed around 
each through hole 236 (Fig. 13 (C)). It is preferable 



that the shape of the land is a circular shape or an 
elliptic shape. As an alternative to this, a square 
shape or a rectangular shape may be employed. It 
is preferable that the diameter of the land 236a is 
1 .00 time to 1 .25 times the diameter of the through 
hole. It is preferable that thickness H3 of each of the 
land 236a and the conductor circuit is minimized to 
smooth the interlayer resin insulating layer which is 
the upper layer. 

The multi-layer printed circuit board according 
to the second embodiment is manufactured such 
that the metal film 226 serving as the land 236a of 
the through hole 236 is formed. Then, the second 
plated layer 228 is formed in the through hole. 
Therefore, separation of the land 236a constituted 
by the metal film 226 can be prevented so that the 
reliability of the through hole 236 can be improved. 
Since excellent reliability in connection can be real- 
ized, the thickness of the land can be reduced. As 
a result, the smoothness of the interlayer resin in- 
sulating layer which is the upper layer and which is 
formed in the process to be described later can be 
improved. Thus, occurrence of separation and a 
crack of the foregoing interlayer resin insulating lay- 
er can be prevented. 

(8) The substrate having the conductor circuits 234 
and the lands 236a is cleaned with water, and then 
the substrate is dried. Then, etching solution is 
sprayed to both sides of the substrate so that the 
surface of the lower conductor circuit 234 and the 
surface of each land 236a of each through hole 236 
is etched. Thus, a rough surface 234(3 is formed on 
the overall surface of each conductor circuit 234. 
Moreover, a rough surface 236(3 is formed on each 
land 236a of each through hole 236 (Fig. 13 (D)). 
The etching solution is mixed solution of 10 parts 
by weight of copper (II) imidazole complex, 7 parts 
by weight of glycolic acid, 5 parts by weight of po- 
tassium chloride and 78 parts by weight of ion ex- 
change water. 

In the process (1) of this embodiment is per- 
formed such that the rough surface is formed by 
etching. As an alternative to this, a rough layer may 
be formed by electroless plating. In the foregoing 
case, the substrate 230 having the conductor cir- 
cuits 234 formed thereon is degreased with alkali 
so as to be subjected to soft etching. Then, a proc- 
ess using catalyst solution composed of palladium 
chloride and organic acid is performed to supply Pd 
catalyst. Then, the foregoing catalyst is activated. 
Then, the substrate 230 is immersed in electroless 
plating solution composed of 3.2 x 10 -2 mol/l cop- 
per sulfate, 3.9 x 10* 3 mol/l nickel sulfate, 5.4 x 
10' 2 mol/l complexing agent, 3.3 x 10" 1 mol/l sodi- 
um hypophosphite, 5.0 x 10-" 1 boric acid, 0.1 g/l sur- 
face active agent (Surf il 465 manufactured by Nis- 
sin Chemical) having PH = 9. After immersion has 
been performed for one minute, the substrate 230 
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is vibrated vertically and laterally one time for four 
seconds. Thus, a coating layer and a rough layer 
constituted by a needle alloy made of Cu-Ni-P are 
formed on the surface of each conductor circuit 234 
and each land 236a of the through hole 236. More- 5 
over, a metal layer constituted by Sn, Pb or Ni is 
formed on the surface of the rough layer. 

(9) Then, a thermosetting olefin resin sheet having 
a thickness of 50 ^.m is, at a pressure of 5 kg/cm 2 , 
vacuum-seal laminated to each of the two sides of 10 
the substrate subjected to the foregoing process 
while the temperature is being raised to 50°C to 
150°C.Thus, an interlayer resin insulating layer 250 
constituted by cycloolefin resin is formed (Fig. 14 
(A)). Note that the degree of vacuum realized when 15 
the vacuum sealing p rocess is performed is 1 0 mm- 

Hg. 

(10) Then, C0 2 gas laser beams having a wave- 
length of 1 0.4 jim are used for under conditions that 

the beam diameter is 5 mm, the mode is a top-hat 20 
mode, the pulse width is 15 us, the diameter of the 
opening in the mask is 0.5 mm and three shots were 
performed so that an opening 248 serving as a via 
hole and having a diameter of 80u.m is formed in the 
lower interlayer resin insulating layer 250 made of 25 
olefin resin (Fig. 14 (B)) . Then, oxygen plasma is 
used to perform a desmear process. 

(1 1 ) Then, a plasma process was performed by us- 
ing SV-4540 manufactured by Nihon Shinku Gijyutu 

to roughen the surface of the interlayer resin insu- 30 
lating layer 250 (Fig. 14 (C)). At this time, argon gas 
was used as the inactive gas to perform a plasma 
process for two minutes under conditions that the 
electric power was 200 W, the gas pressure was 0.6 
Pa and the temperature was 70°C. 35 

(12) Then, the same apparatus was operated to 
change the internal argon gas, and then sputtering 
was performed such that a Ni-Cu alloy was a target 
under conditio ns that the atmospheric pressure was 

0.6 Pa, the temperature was 80°C, electric power 40 
was 200 W and the duration was 5 minutes. Thus, 
a Ni-Cu alloy layer 252 was formed on the surface 
of a polyolefin interlayer resin insulating layer 250. 
The thickness of the formed Ni-Cu alloy layer 252 
was 0.2 u,m (Fig. 15 (A)). 45 

(1 3) A marketed photosensitive dry film was bonded 
to each of the two sides of the processed substrate, 
and then a photomask was placed. Then, exposure 
was performed with 1 00 mJ/cm 2 , and then a devel- 
opment process was performed by using 0.8 % so- 50 
dium carbonate. Thus, a pattern of a plating resist 
254 having a thickness of 15 u,m was formed (Fig. 
15(B)). 

(14) Then, electric plating was performed under the 
following conditions so that an electroplated film 55 
256 having a thickness of 15 u.m was formed (Fig. 

15 (C)). The electroplated film 256 results in en- 
largement of the thickness of a portion which is 



formed into the conductor circuit 258 in a process 
to be described later and completion of enclosure 
of plating in the portion which will be formed into the 
via hole 260. Note that the additive to be added to 
the electroplating solution is Kapalasid HL manu- 
factured by Atotech Japan. 



[Electroplating Solution] 


sulfuric acid 


2.24 mol/l 


copper sulfate 


0.26 mol/l 


additive 


19.5 mol/l 



[Electroplating Conditions] 


current density 

duration 

temperature 


1 A/dm 2 
65 minutes 
22±2°C 



(15) Then, the plating resist 254 was separated and 
removed with 5 % NaOH, and then the Ni-Cu alloy 
layer 252 present below the plating resist 254 was 
dissolved and removed by etching which uses 
mixed solution of nitric acid, sulfuric acid and hydro- 
gen peroxide. Thus, the conductor circuit 258 (in- 
cluding the via holes 260) constituted by electro- 
copper plated film 256 or the like and having a thick- 
ness of 1 6 u.m was formed (Fig. 1 6 (A)). 

(16) Then, the processes (10) to (16) are repeated 
so that the upper interlayer resin insulating layer 
281 andthevia holes 285 were formed (Fig. 16(B)). 

(1 7) Then, a solder resist composition similar to that 
according to the first embodiment was applied to the 
both sides of the multi-layer printed circuit board to 
have a thickness of 20u. m. Then, a drying process 
was performed under conditions that the duration 
was 20 minutes at 70°C and 30 minutes at 70°C. 
Then, a photomask having a pattern of the opening 
drawn thereon and a thickness of 5 mm was brought 
into hermetic contact with the resist layer. Then, ex- 
posure was performed by using 1000 mJ/cm 2 ultra- 
violet rays, and then a development process was 
performed by using DMTG solution. Thus, openings 
271 U each having a diameter of 200u.m were 
formed in the upper surface and openings 271 D 
each having a diameter of 500u,m were formed in 
the lower surface. 

Then, a heating process was performed under 
conditions that the durability was one hour at 80°C, 
one hour at 100°C, one hour at 120°C substrate and 
three hours at 150°C. Thus, the solder resist layer 
was hardened so that the solder resist layer (the or- 
ganic resin insulating layer) 270 having openings 
corresponding to the solder pad portions and a 
thickness of 20ujti was formed (Fig. 17 (A)). The 
non-hardened resin film was used to press and ex- 
posure, development or a laser beam may be em- 
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ployed to provide solder pads. 

(18) Then, the nickel-plated layer 272 having a 
thickness of 5 u.m was, similarly to the first embod- 
iment, formed in the surface of the opening 271 of 
the substrate having the solder resist layer (the or- 
ganic resin insulating layer) 270 formed thereon. 
Moreover, the gold-plated layer 274 having a thick- 
ness of 0.03 u.m was formed on the nickel-plated 
layer 272 (Fig. 17(B)). 

(1 9) Then, solder paste was printed to the openings 
271 U and 271 D of the solder resist layer 270, and 
reflowing is performed at 200°C. Thus, the solder 
bumps (solder) 276U and 276D were formed so that 
the multi-layer printed circuit board 210 was manu- 
factured (Fig. 18). 

(First Modification of Second Embodiment) 

[0125] A multi-layer printed circuit board and a man- 
ufacturing method therefor according to a first modifica- 
tion of the second embodiment will now be described. 
[0126] Fig. 23 shows the cross section of the multi- 
layer printed circuit board according to the first modifi- 
cation which is applied to a package substrate. The mul- 
ti-layer printed circuit board according to the first modi- 
fication has a structure similar to that according to the 
second embodiment described with reference to Fig. 18. 
The second embodiment is structured such that the sol- 
der bumps 276D are provided for the portion adjacent 
to the daughter board. On the other hand, the first mod- 
ification has the structure that the conductive connection 
pins 278 are provided. 

[0127] The method of manufacturing the multi-layer 
printed circuit board according to the first modification 
will now be described. The method of forming the core 
substrate is similar to processes (1) to (8) according to 
the second embodiment described with reference to 
Figs. 12 and 13. Therefore, description of the method is 
omitted. 

[0128] The method of manufacturing a resin film for 
forming the interlayer resin insulating layer will now be 
described. 

[0129] Thirty parts by weight of bisphenol-A epoxy 
resin (Epicoat 1001 having an epoxy equivalent of 469 
and manufactured by Yuka Shell), 40 parts by weight of 
cresol novolac epoxy resin (epichron N-673 having an 
epoxy equivalent of 215 and manufactured by Dainip- 
pon Ink & Chemicals), 120 parts by weight of phenol no- 
volac resin containing a triazine structure (Phenolight 
KA-7052 having a phenol hydroxyl group equivalent of 
120 and manufactured by Dainippon Ink & Chemicals) 
were heated and dissolved in 20 parts by weight of ethyl- 
diglycol acetate and 20 parts by weight of solvent naph- 
tha such that stirring was performed. Then, 15 parts by 
weight of polybutadiene rubber having epoxy terminal 
(Denalex R-45EPT manufactured by Nagase Chemi- 
cals), 1 .5 part by weight of pulverized 2-phenyl-4, 5-bis 
(hydroxymethyl) imidazole, 2 parts by weight of particle- 



size reduced silica and 0.5 part by weight of silicon de- 
foaming agent were added. Thus, an epoxy resin com- 
position was prepared. 

[0130] The obtained epoxy resin composition was ap- 
5 plied to the surface of a PET film having a thickness of 
38 urn by using a roll coater such that the thickness after 
the PET film was dried was 50u,m. Then, drying was per- 
formed at 80°C to 120°C for 10 minutes. Thus, a resin 
film for forming the interlayer resin insulating layer was 
manufactured. 

(9) The thus-manufactured resin film for the inter- 
layer resin insulating layer was placed on each side 
of the substrate 230 shown in Fig. 13 (D). Then, 
temporal pressing under conditions that the pres- 
sure was 4 kgf/cm 2 , the temperature was 80° C and 
the pressing duration was 10 seconds, and then 
cutting was performed. Then, a vacuum laminator 
apparatus was operated to bond the resin film so 
that the interlayer resin insulating layer 250 was 
formed (Fig. 19 (A)). That is, main pressing of the 
resin film for the interlayer resin insulating layer to 
the surface of the substrate was performed under 
conditions that the degree of vacuum was 0.5 Torr, 
the pressure was 4 kgf/cm 2 , the temperature was 
80°C and the pressing duration was 60 seconds. 
Then, hardening with heat was performed at 170°C 
for 30 minutes. 

(10) A mask 249 incorporating penetrating open- 
ings 249a formed therein and having a thickness of 
1.2 mm is placed on the interlayer resin insulating 
layer 250. Then, a CQ 2 gas laser beam having a 
wavelength of 1 0.4p.mm was used to form openings 
248 for the via holes each having a diameter of 
80pxn were formed in the interlayer resin insulating 
layer 250 under conditions that the beam diameter 
was 4.0 mm, the mode was the top-hat mode, the 
pulse width was 5.0u.s, the diameter of each pene- 
trating opening in the mask was 1 .0 mm and one 
short is performed (Fig. 19 (B)). 

(1 1 ) The substrate 230 having the openings 248 for 
the via holes was, for 1 0 minutes, immersed in so- 
lution which contained 60g/l permanganic acid and 
the temperature of which was 80° C. Thus, epoxy 
resin particles present on the surface of the inter- 
layer resin insulating layer 250 are dissolved and 
removed. As a result, the surface of the interlayer 
resin insulating layer 250 including the inner wall of 
each opening 248 for the via hole was roughened 
(Fig. 19(C)). 

(12) Then, the substrate subjected to the foregoing 
process was immersed in neutral solution (manu- 
factured by Siplay), and then cleaned with water. 
The surface of the substrate subjected to the rough- 
ening process (depth of roughness was 3 u.m) is 
supplied with palladium catalyst. Thus, the catalyst 
cores were allowed to adhere to the surface of the 
interlayer resin insulating layer 250 and the inner 



15 



20 



25 



30 



35 



40 



45 



50 



18 



35 



EP1 194 022 A1 



36 



wall of each opening 248 for the via hole. 
(13) Then, the substrate was immersed in electro- 
less copper plating solution having the following 
composition so that an electroless copper plated 
film 251 having a thickness of 0.6 urn to 3.0^im was 5 
formed on the overall surface of the rough surface 
(Fig. 20 (A)). 



[Electroless Plating Solution] 


NiS0 4 


0.003 mol/l 


tartaric acid 


0.200 mol/l 


copper sulfate 


0.030 mol/l 


HCHO 


0.050 mol/l 


NaOH 


0.100 mol/l 


a,a'-bipyridyl 


40 mg/l 


polyethylene glycol (PEG) 


0.10 g/l 



[Electroless Plating Conditions] 

40 minutes in a state where the temperature 
of the solution was 35°C 

(1 4) A marketed photosensitive dry film was bonded 
to the electroless-copper-plated film 251. Then, a 
mask was placed so that exposure was performed 
with 100 mJ/cm 2 . Then, a development process 
was performed by using 0.8 % sodium carbonate 
so that a plating resist 254 having a thickness of 
30jim was formed (Fig. 20 (B)). 

(15) Then, the substrate was cleaned with water, 
the temperature of which was 50°C to remove 
grease. Then, cleaning with water, the temperature 
of which was 25°C, so that an electroless copper- 
plated film 256 having a thickness of 20^m was 
formed (Fig. 20 (C)). 



[Electroplating Solution] 


sulfuric acid 


2.34 mol/l 


copper sulfate 


0.26 mol/l 


additive 


19.5 mol/l 



(Kapalacid HL manufactured by Atotech Ja- 
pan) 



[Electroplating Conditions] 


Current Density 


1 A/dm 2 


Duration 


65 minutes 


Temperature 


22 ± 2°C 



(16) The plating resist 254 was separated and re- 
moved with 5 % NaOH, and then the electroless- 
plated film 251 below the plating resist 254 was dis- 
solved and removed by performing etching using 
mixed solution of sulfuric acid and hydrogen perox- 
ide. Thus, a conductor (including via holes 260) 258 
constituted by electroless copper-plated film 251 



and electrolytic copper-plated film 256 and having 
a thickness of 18 ^im was formed (Fig. 21 (A)). 

(1 7) A process similar to the process (8) for rough- 
ening the conductor circuit 234 according to the 
second embodiment was performed. Etching solu- 
tion containing cupric complex and organic acid 
was used to form a rough surface 262 (Fig. 21 (B)). 

(18) The foregoing processes (9) to (17) were re- 
peated so that the interlayer resin insulating layer 
281 , the conductor circuit 283 and the via holes 285 
were formed on the upper interlayer resin insulating 
Iayer250. Thus, the multi-layer printed circuit board 
was obtained (Fig. 21 (C)). 

(1 9) Then, a solder resist composition similar to that 
according to the second embodiment and having a 
thickness of 20 u.m was applied to each side of the 
multi-layer printed circuit board. Then, a drying 
process was performed at 70° C for 20 minutes and 
at 70°C for 30 minutes. Then, a photomask having 
a pattern of the opening of the solder resist drawn 
thereon and having a thickness of 5 mm was 
brought into contact with the solder resist layer. 
Then, exposure was performed at 1000 mJ/cm 2 , 
and then a development process was performed by 
using DMTG solution so that the openings 271 U 
and 271 D were formed. 

Then, a heat process was performed at 80°C 
for one hour, 100°C for one hour, 120°C for one 
hour and 1 50°C for three hours to harden the solder 
resist layer. Thus, the solder resist pattern layer 270 
having openings and a thickness of 20 p.m was 
formed (Fig. 22 (A)). The solder resist composition 
may be a marketed solder resist composition. 

(20) Then, similarly to the second embodiment, a 
nickel-plated layer 272 having a thickness of 5 \im 
was provided for each of the openings 271 U and 
271 D. Then, the gold-plate layer 274 having a thick- 
ness of 0.03 urn was provided for the surface of the 
nickel-plate layer 272 (Fig. 22 (B)). 

(21) Then, solder paste containing tin-lead was 
printed to each opening 271 U in the solder resist 
layer 270 on the surface of the substrate on which 
the IC chip was mounted. Moreover, solder paste 
containing tin-antimony was printed to each open- 
ing 271 D in the solder resist layer 270 on the other 
surface. Then, reflowing at 200°C was performed 
so that solder bumps 276U were provided for the 
upper surface. Then, the conductive connection 
pins 278 were provided forthe lower surface. Thus, 
the printed circuit board was manufactured (see 
Fig. 23). 

(Second Modification of Second Embodiment) 

[0131] The cross section of a multi-layer printed circuit 
board according to a second modification is shown in 
Fig. 24. The structure of the second modification is sim- 
ilar to that according to the second embodiment. Note 
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that the multi-layer printed circuit board according to the 
second modification has the structure that the interlayer 
resin insulating layer 250 and the interlayer resin insu- 
lating layer 281 are constituted by adhesive agent 257 
forthe upper layer and adhesive agent 255 forthe lower 5 
layer each having the following composition. Moreover, 
coating in the liquid state is Performed, and then expo- 
sure and development were performed to form the 
openings. 

A. Raw Material Composition for Preparing Adhesive 
Agent for Electroless Plating (Adhesive Agent for Upper 
Layer) 

[Resin Composition (1)] 

[0132] Mixing and stirring of 35 parts by weight of res- 
in solution obtained by dissolving 25 % acryl material of 
cresol novolac epoxy resin (manufactured by Nippon 
Kayaku and having a molecular weight of 2500) in DM- 
DG at a concentration of 80 wt%, 3.15 parts by weight 
of photosensitive monomer (Aronix M31 5 manufactured 
by Toagosei Chemical), 0.5 part by weight of defoaming 
agent (S-65 manufactured by Sannopuko) and 3.6 parts 
by weight of NMP were performed so that the composi- 
tion was obtained. 

[Resin Composition (2)] 

[0133] Mixing of 12 parts by weight of polyethersulf on 
(PES), 7.2 parts by weight of epoxy resin particles 
(Polymerpol manufactured by Sanyo Chemical) having 
a mean diameter of 1 .O^tm and 3.09 parts by weight of 
the epoxy resin particles having a mean diameter of 0.5 
um was performed. Then, 30 parts by weight of NMP 
were added, and then stirring and mixing using beads 
mill were performed. Thus, the composition was ob- 
tained. 

[Hardening Agent Composition (3)] 

[0134] Mixing of 2 parts by weight of imidazole hard- 
ening agent (2E4MZ-CN manufactured by Shikoku 
Chemicals), 2 parts by weight of photoinitiator (llugacur 
I-907 manufactured by Chibagaigi), 0.2 part by weight 
of a photosensitizer (DETX-S manufactured by Nihon 
Kayaku) and 1 .5 part by weight of NMP was performed, 
and then stirring was performed. Thus, the composition 
was obtained. 

B. Raw Material Composition for Preparing Interlayer 
Resin Insulating Agent (Adhesive Agent for Lower 
Layer) 

[Resin Composition (1)] 

[0135] Mixing of 35 parts by weight of resin solution 
obtained by dissolving 25 % acrylic material of cresol 



novolac epoxy resin (manufactured by Nihon Kayaku 
and having a molecular weight of 2500) was dissolved 
in DMDG at a concentration of 80 wt%, 4 parts by weight 
of photosensitive monomer (Aronix M3 15 manufactured 
by Toagosei Chemical), 0.5 part by weight of defoaming 
agent (S-65 manufactured by Sannopuko) and 3.6 parts 
by weight of NMP was performed, and then stirring was 
performed. Thus, the composition was obtained. 

[Resin Composition (2)] 

[0136] Mixing of 12 parts by weight of polyethersulfon 
(PES) and 14.49 parts by weight of epoxy resin particles 
(Polymer Pol manufactured by Sanyo Chemical) having 
a mean particle size of 0.5 jim was performed. Then, 30 
parts by weight of NMP were added, and the stirring and 
mixing were performed. Thus, the composition was ob- 
tained. 

[Hardening Agent Composition (3)] 

[0137] Mixing of 2 parts by weight of imidazole hard- 
ening agent (2E4MZ-CN manufactured by Shikoku 
Chemicals), 2 parts by weight of photoinitiator (llugacur 
1-907 manufactured by Chibagaigi), 0.2 part by weight 
of a photosensitizer (DETX-S manufactured by Nihon 
Kayaku) and 1 .5 part by weight of NMP was performed, 
and then stirring was performed. Thus, the composition 
was obtained. 

[Comparative Example 1] 

[01 38] The multi-layer printed circuit board according 
to comparative example 1 has a similar structure to that 
according to the second embodiment. In the second em- 
bodiment, plating is enclosed in each through hole 236. 
In comparative example 1 , a resin filler is enclosed. 
[01 39] Each of the second embodiment, the first mod- 
ification, the second modification and the comparative 
example 1 was subject to a heat cycle test (1 000 cycles 
each cycle was such that - 65°C/3 minutes + 130°C/3 
minutes). Results were shown in table in Fig. 25. The 
second embodiment, the first modification and the sec- 
ond modification were free of warpage and disconnec- 
tion even after the heat cycle was completed. Compar- 
ative example 1 encountered warpage. Note that the 
amount of warpage was measured such that the height 
of the end of the substrate placed on a flat frame was 
measured by a measuring instrument. 

[Third Embodiment] 

[0140] The structure of a printed circuit board accord- 
ing to a third embodiment will now be described with ref- 
erence to Fig. 32 which shows the cross section of a 
printed circuit board 310. 

[0141] The printed circuit board 310 incorporates a 
core substrate 330 and buildup circuit layers 380A and 
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380B. The buildup circuit layers 380A and 380B are con- 
stituted by interlayer resin insulating layers 350 and 381 , 
respectively. The interlayer resin insulating layer 350 
has via holes 360 and conductor circuits 358. The inter- 
layer resin insulating layer 381 has via holes 385 and 5 
conductor circuits 383. A solder resist layer 370 having 
openings 371 is formed on the interlayer resin insulating 
layer 381. 

[0142] The core substrate 330 incorporates a core 
member 330a having a core impregnated with resin; and 10 
a resin insulating layer 330b in which soluble particle 
are dispersed in refractory resin. The resin insulating 
layer 330b is roughened by dissolving particles on the 
surface thereof. Each of the through holes 344 formed 
in the core substrate 330 has a structure that a metal is 
film 335 is formed in a penetrating opening 332 in the 
core substrate 330. 

[0143] In this embodiment, the penetrating openings 
332 in the core substrate 330 are formed by laser beams 
as described later. Since the penetrating openings 332 20 
are formed in a state where the metal film is not formed, 
proper through holes can be formed. When the metal 
film 335 is deposited in the penetrating opening 332 to 
form the through hole 344 and when a filler 346 has been 
enclosed in the through hole 344, retention any air bub- 25 
ble can be prevented. Therefore, as distinct from the 
conventional printed circuit board described with refer- 
ence to Fig. 70, occurrence of a corner crack starting 
with a burr can be prevented. As a result, reliability in 
connection of the through hole 344 can be improved. 30 
Since the rough surface is provided for the surface of 
the core substrate 330, the adhesiveness of the metal 
film 335 can be improved. The warpage does not easily 
occur. 

[0144] A method of manufacturing the printed circuit 35 
board described with reference to Fig. 32 will now be 
described with reference to Figs. 26 to 32. 

(1) A core member 330a constituted by BT (Bis- 
maleimide-Triazine), FR-4 or FR-5 having a thick- 40 
ness of 0.05 mm to 1 .0 mm is employed as a starting 
material (Fig. 26 (A)). Since the core member 330a 

is constituted by any one of BT (Bismaleimide-Tri- 
azine), FR-4 or FR-5 having a core made of glass 
fibers or polyimide fibers and impregnated with res- 45 
in, the strength required for the core substrate can 
be maintained. It is preferable that the thickness is 
0.1 mm to 0.8 mm. The reason for this lies in that 
both of opening easiness of the through hole by us- 
ing the laser beam and the strength required for the so 
core substrate can be realized. 

(2) Then, a thermosetting resin insulating film hav- 
ing a thickness of 0.01 mm to 0.1 mm and to be 
described later is bonded to each of the two sides 

of the core member 330a. Thus, the resin insulating 55 
layer 330b constituted by the thermosetting resin is 
formed. 

As a result of the foregoing process, the core 



substrate 330 constituted by the core member 330a 
and the resin insulating layer 330b is formed (Fig. 
26 (B)). It is preferable that the thickness of the core 
substrate 330 is 0. 1 2 mm to 1 .2 mm. 

(3) Then, penetrating openings 332 for through 
holes are formed in the core substrate 330 by using 
laser beams (Fig. 26 (C)). The core substrate 330 
constituted by the core member 330a and the resin 
insulating layers 330b formed on the two sides of 
the core member 330a is different from the conven- 
tional copper-clad laminated board, the penetrating 
openings 332 can properly be formed by using laser 
beams. 

(4) Then, the overall surface of the core substrate 
330 is roughened with acid or an oxidizer so that a 
rough surface 334 is formed on the overall surface 
of the core substrate 330 (Fig. 26 (D)). It is prefer- 
able that the rough surface 334 has Ra (mean 
roughness height) of 0.1 urn to 3.0u,m. The thermo- 
setting resin for constituting the resin insulating lay- 
er 330b provided on the right side of the core sub- 
strate has a structure that the soluble particles are 
dispersed in the refractory resin. Therefore, when 
the surface soluble particles are dissolved by using 
acid or the like, the rough surface 334 can be 
formed on the surface of the core substrate 330. 

(5) Then, the metal film 335 constituted by Cu is 
formed on the overall surface of the core substrate 
330 by sputtering (Fig. 26 (E)). As an alternative to 
sputtering, evaporation or electroless plating may 
be employed. Then, the core substrate 330 is sub- 
jected to electroplating so that an electroplated film 
336 is formed on the metal film 335 (Fig. 27 (A)). 
Since a rough surface 324 is formed on the surface 
of the core substrate 330 by performing the forego- 
ing process, the adhesiveness with the metal film 
335 formed on the surface of the core substrate 330 
can be improved. Since retention of an air bubble 
can be prevented when the metal film 335 has been 
deposited in each penetrating opening 332, the re- 
liability in connection of the through hole 344 can 
be improved. 

(6) Then, a marketed dry film is bonded to each of 
the two sides of the substrate 330, and then a pho- 
tomask film is placed. Then, exposure and devel- 
opment processes are performed so that the pat- 
tern of the resist 338 is formed (Fig. 27 (B)). 

(7) Then, the resist 338 is separated and removed 
with 5 % NaOH, and then the metal film 335 and the 
electroplated film 336 present below the resist 338 
are dissolved and removed by etching using mixed 
solution of nitric acid, sulfuric acid and hydrogen 
peroxide. Thus, a lower conductor circuit 342 and 
through holes 344 constituted by the metal film 335 
and the electroplated film 336 are formed (Fig. 27 
(C)). Note the pattern of the lower conductor core 
substrate 342 and the through holes 344 maybe 
formed by a semi-additive method. 
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(8) Similarly to the second embodiment, the surface 
of the lower conductor circuit 342 and the surface 
344a of the land of the through hole 344 are etched, 
a rough surface 342a is formed on the overall sur- 
face of the lower conductor circuit 342 (Fig. 27 (D)). 5 

(9) A resin filler 346 mainly composed of epoxy resin 
is applied to each of the two sides of the substrate 
330 by operating a printer. Thus, the space between 
the lower conductor circuits 342 orthe inside portion 

of the through hole 344 is filled with the resin filler 10 
346. Then, heating and drying are performed. That 
is, the foregoing process causes the resin filler 346 
to be enclosed between the lower conductor circuits 
342 or the inside portion of the through holes 344 
(Fig. 28 (A)). As distinct from the conventional print- 15 
ed circuit board described with reference to Fig. 70, 
no burr is present in each through hole. Therefore, 
when the resin filler 346 has been enclosed in each 
through holes 344, retention of an air bubble or non- 
filling does not occur. Therefore, no corner crack oc- 20 
curs and, therefore, the reliability of the through 
holes 344 can be improved. 

(10) Either side of the substrate 330 subjected to 
the process (9) is polished in a belt sander manner 
using belt abrasive paper (manufactured by Sankyo 25 
Chemical). Thus, polishing is performed in such a 
manner that the resin filler 346 is not left on the sur- 
face of the lower conductor circuit 342 and the sur- 
faces 344a of the lands of the through holes 344. 
Then, buffing is performed to remove damage 30 
caused from the belt sander polishing. The forego- 
ing sequential polishing process is performed for 
the other surface of the substrate 330. Then, the 
enclosed resin filler 346 is heated and hardened 
(Fig. 28 (B)). 35 

(11) Then, etching solution which is the same as the 
etching solution employed in the foregoing process 
(8) is sprayed to both sides of the substrate 330 sub- 
jected to the process (10). Thus, the surface of the 
lower conductor circuit 342 which has temporarily *o 
been smoothed and the surfaces 344a of the lands 

of the through holes 344 are etched. Thus, a rough 
surface 342|3 is formed on the overall surface of the 
lower conductor circuit 342 (Fig. 28 (C)). 

(12) Then, similarly to the second embodiment, in- 45 
terlayer resin insulating layers 350 constitute by cy- 
clo-olefin resin are provided for the substrate 330 
subjected to the foregoing process (Fig. 28 (D)). 

(13) Then, similarly to the second embodiment, a 
mask 349 having openings and C0 2 gas laser 50 
beams are use to form openings 351 for via holes 
each having a diameter of 80u.m are formed in the 
interlayer resin insulating layer 350 (Fig. 29 (A)). 

(14) Then, similarly to the second embodiment, a 
plasma process is performed so that a rough sur- 55 
face 350a is formed on each interlayer resin insu- 
lating layer 350 (Fig. 29 (B)). 

(15) Then, similarly to the second embodiment, a 



Ni/Cu metal layer 353 is formed on the surface of 
each interlayer resin insulating layer 350 (Fig. 29 
(C)). 

(16) Similarly to the second embodiment, a pattern 
of a plating resist 354 having a thickness of 15p.m 
is formed on the substrate subjected to the forego- 
ing process (Fig. 29 (D)). 

(17) Then, similarly to the second embodiment, 
electroplating is performed so that an electroplated 
film 356 having a thickness of 15jim is formed (Fig. 

30 (A)). 

(18) Then, similarly to the second embodiment, a 
conductor circuit 358 (including via holes 360) con- 
stituted by the Ni/Cu metal layer 353 or the like and 
having a thickness of 16u.m is formed (Fig. 30 (B)). 
Then, the etching process which is the same as the 
process (1 1 ) is performed to roughen the surface of 
the conductor circuit 358. Thus, a rough surface 
358a is formed (Fig. 30 (C)). 

(19) Then, the processes (12) to (18) are repeated 
so that an interlayer resin insulating layer 381 and 
a conductor circuit 383 (including via holes 385) are 
formed at the further upper positions (Fig. 30 (D)). 

(20) Then, similarly to the first embodiment, the two 
sides of the substrate are coated with the solder re- 
sist composition so that solder resist layers (organic 
resin insulating layers) 70 incorporating openings 
371 and each having a thickness of 20|am are 
formed (Fig. 31 (A)). 

(21 ) Then, similarly to the first embodiment, a nick- 
el-plated layer 372 is formed on each of the open- 
ings 371 of the substrate having the solder resist 
layer 370 formed thereon. Then, a gold-plated layer 
374 is formed on the nickel-plated layer 372 (Fig. 

31 (B)). 

(22) Then, solder paste is printed on each of the 
openings 371 in the solder resist Iayer370, andthen 
reflowing is performed at 200°C. Thus, solder 
bumps (solder) 376 are formed so that a printed cir- 
cuit board 31 0 having the solder bumps 376 is man- 
ufactured (see Fig. 32). 

[0145] The thermosetting resin film contains refracto- 
ry resin, soluble particles, a hardening agent and other 
components same as the first embodiment. 

(First Modification of Third Embodiment) 

[0146] A printed circuit board 320 according to a first 
modification of the third embodiment will now be de- 
scribed with reference to Fig. 39. In the third embodi- 
ment, the BGA is provided. The first modification has a 
structure similar to that according to the third embodi- 
ment. As shown in Fig. 39, a PGA method is employed 
with which connection is established through conductive 
connection pins 396 as shown in Fig. 39. 
[0147] A method of manufacturing the printed circuit 
board according to the first modification of the present 
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invention will now be described. When the printed circuit 
board according to the first modification is manufac- 
tured, the following materials are employed. A. a raw 
material composition (an adhesive agent for the upper 
layer) for preparing an adhesive agent for electroless 5 
plating and B. a raw material composition (an adhesive 
agent for the lower layer) for preparing the resin insulat- 
ing agent are similar to those according to the second 
modification of the second embodiment. C.the resin film 
for the interlayer resin insulating layer is similar to that 10 
according to the first modification of the second embod- 
iment. Therefore, D. a resin filler will now be described. 

D. Preparation of Resin Filler 

15 

[0148] The following materials are introduced into a 
container: 100 parts by weight of bisphenol-F epoxy 
monomer (YL983U manufactured by Yuka Shell and 
having a molecular weight of 31 0), 1 70 parts by weight 
of Si0 2 spherical particles (CRS 11 01 -CE manufactured 20 
by Adotech) having surfaces each of which is coated 
with a silane coupling agent and a mean particle size of 
1 .6u.m and structured such that the diameter of the larg- 
est particle is 15 u.m or smaller and 1 .5 part by weight 
of a leveling agent (Pelenol S4 manufactured by San- 25 
nopuko). The materials are stirred and mixed so that a 
resin filler having viscosity of 45 Pa.s to 49 Pa.s at 23 ± 
1°C is prepared. 

[0149] Note that 6.5 parts by weight of imidazole hard- 
ening agent (2E4MZ-CN manufactured by Shikoku 30 
Chemicals) are employed as the hardening agent. 
[0150] A method of manufacturing the printed circuit 
board described with reference to Fig. 39 will now be 
described with reference to Figs. 33 to 39. 

35 

(1 ) A core member 330a constituted by any one of 
BT (Bismaleimide-Triazine), FR-4 and FR-5 having 
a thickness of 0.1 mm to 1 .0 mm is employed as the 
starting material (Fig. 33 (A)). When any one of BT, 
FR-4 and FR-5 having a structure that the core is 40 
impregnated with resin is employed as the core 
member 330a, the strength required for the core 
substrate can be maintained. 

(2) Then , the raw material composition B for prepar- 
ing the resin insulating agent is stirred and mixed *s 
so that the viscosity is adjusted to 1 .5 Pa.s. Thus, 

the interlayer resin insulating agent (for the lower 
layer) is obtained. 

Then, the raw material composition A for pre- 
paring the adhesive agent for electroless plating is so 
stirred and mixed so that the viscosity is adjusted 
to 7 Pa.s. Thus, adhesive agent solution (for the up- 
per layer) for electroless plating is obtained. 

(3) Then, the resin insulating agent (for the lower 
layer) obtained in the process (2) and having the ss 
viscosity of 1 .5 Pa.s is applied to each of the two 
side of the core member 330a within 24 hours after 
the preparation by using a roll coater. Then , the core 



member 330a in a state where it is placed horizon- 
tally is allowed to stand for 20 minutes. Then, drying 
(prebaking) is performed at 60°C for 30 minutes. 
Then, the adhesive agent solution (for the upper 
layer) obtained in the process (2) and having the 
viscosity 7 Pa.s is applied within 24 hours after the 
preparation. Then, the core member 330a in a state 
where it is placed horizontally is allowed to stand 
for 20 minutes. Then, drying (prebaking) is per- 
formed at 60°C for 30 minutes. Thus, the resin in- 
sulating layer 330b is formed. It is preferable that 
the thickness of the resin insulating layer 330b is 
0.01 mm to 0.1 mm. 

As a result of the foregoing processes, the core 
substrate 330 constituted by the core member 330a 
and the resin insulating layer 330b can be formed 
(Fig. 33 (B)). It is preferable that the thickness of the 
core substrate 330 is 0.12 mm to 1 .2 mm. 

(4) Then, penetrating openings 332 for through 
holes are formed in the core substrate 330 by ap- 
plying laser beams (Fig. 33 (C)). As distinct from the 
conventional copper-clad laminated board, pene- 
trating openings can properly be formed in the core 
substrate 330 constituted by the core member 330a 
and the resin insulating layer 330b formed on each 
of the two sides of the core member 330a such that 
laser beams are applied. 

(5) Then, the overall surface of the core substrate 
330 is roughened with acid or the oxidizer so that 
the rough surface 334 is formed on the overall sur- 
face of the core substrate 330 (Fig. 33 (D)). It is pref- 
erable that Ra (mean roughness height) of the 
formed rough surface 334 is 0.1 ^im to 3.0 |xm. The 
resin for constituting the resin insulating layer 330b 
formed on each of the two sides of the core sub- 
strate has the structure that soluble particles are 
dispersed in the refractory resin. Therefore, when 
the soluble particles on the surface are dissolved 
by using acid or the like, the rough surface can be 
formed on the surface of the core substrate. 

(6) Then, the metal film 335 is formed on the overall 
surface of the core substrate 330 (Fig. 33 (E)). At 
this time, evaporation or sputtering may be em- 
ployed as a substitute for electroless plating. Then, 
the core substrate 330 is electroless-plated so that 
the electroplated film 336 is formed on the metal film 
335 (Fig. 34 (A)). Since the surface of the core sub- 
strate 330 has been roughened as a result of the 
foregoing process, the adhesiveness with the metal 
film 335 formed on the surface of the core substrate 
330 can be improved. Moreover, the reliability of the 
through holes can be improved. Since any air bub- 
ble is not left when the metal film 335 is deposited 
in each of the penetrating openings 332, the relia- 
bility in connection of the through hole 344 can be 
improved. 

(7) Then, a marketed photosensitive dry film is 
bonded to each of the two sides of the substrate 
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330. Then, a photomask is placed, and then expo- 
sure and development processes are performed. 
Thus, the pattern of the resist 338 is formed (Fig. 
34(B)). 

(8) Then, the resist 338 is separated and removed 5 
with 5 % NaOH, and then the metal film 335 and the 
electroplated film 336 present below the resist 338 
are dissolved and removed by performing etching 
using mixed solution of nitric acid, sulfuric acid and 
hydrogen peroxide. Thus, the lower conductor cir- 10 
cuit 342 and the through holes 344 constituted by 

the metal film 335 and the electroplated film 336 are 
formed (Fig. 34(C)). Note that the pattern of the low- 
er conductor circuit 342 and the through holes 344 
maybe formed by the semi-additive method. 15 

(9) Then, the substrate 330 having the through 
holes 344 and the lower conductor circuit 342 
formed thereon is cleaned with water and dried. 
Then, a blacking process is performed by using a 
blacking bath (an oxidizing bath) which is solution 20 
containing NaOH (10 g/l), NaCI0 2 (40 g/l) and 
Na 3 P0 4 (6 g/l). Moreover, a reducing process is 
performed by using a reducing bath which is solu- 
tion containing NaOH (10 g/l) and NaBH 4 (6 g/l). 
Thus, the rough surface 342a is formed on the over- 25 
all surface of the lower conductor circuit 342 includ- 
ing the through holes 344 (Fig. 34 (D)). 

(1 0) The resin filler described in D is prepared, and 
then the following method is employed to form a lay- 
er of the resin filler 346 in each of the through holes 30 
344 and the portion of either side of the substrate 
330 in which the lower conductor circuit 342 is not 
formed within 24 hours from preparation. That is, 
initially a squeeze is used to inwards push the resin 
filler 346 into each of the through holes 344. Then, 35 
drying is performed at 100°Cfor20 minutes. As dis- 
tinct from the conventional printed circuit board de- 
scribed with reference to Fig. 70, no burr is present 

in the through hole. Therefore, leaving of any air 
bubble and non-filling occur when the resin filler 346 40 
has been enclosed in the through hole 344. There- 
fore, occurrence of a corner crack can be prevent- 
ed. Hence it follows that the reliability of the through 
hole 344 can be improved. 

Then, a mask having opening corresponding to 
the portions in which the lower conductor circuit 342 
is not formed is placed on the substrate 330. Then, 
a squeeze is used to form a layer of the resin filler 
346 in the portion in which the lower conductor cir- 
cuit 342 is not formed and which is formed into a so 
recess portion. Then, drying is performed at 100°C 
for 20 minutes (Fig. 35 (A)). 

(11) Either side of the substrate 330 subjected to 
the process (10) is polished in a belt-sander polish- 
ing method using #600 belt abrasive paper (manu- 55 
factured by Sankyo Chemical) in such a manner 
that the resin filler 346 is not left on the surface of 

the lower conductor circuit 342 and surfaces 344a 



of the lands of the through holes 344. Then, buffing 
is performed to remove damage caused from the 
belt-sander polishing process. The foregoing se- 
quential polishing processes are performed for an- 
other surface of the substrate 330. Then, a heating 
process is performed at 100°C for one hour and 
150°C for one hour so that the resin filler 346 is 
hardened. 

Thus, the surface portion of the resin filler 346 
and the surface of the lower conductor circuit 342 
formed in the through holes 344 and the portion in 
which the lower conductor circuit 342 is not formed 
are flattened. Thus, a substrate is obtained which 
has the structure that the resin filler 346, the lower 
conductor circuit 342 and the through holes 344 are 
infirmly contact with one another through the rough 
surface 342a (Fig. 35(B)). That is, as a result of the 
foregoing process, the surface of the resin filler 346 
and that of the lower conductor circuit 342 are 
flushed with each other. 

(12) The substrate 330 is cleaned with water and 
degreased with acid, and then soft etching is per- 
formed. Then, etching solution is sprayed to the two 
sides of the substrate 330 so as to etch the surface 
of the lower conductor circuit 342 and surfaces of 
the lands 344a of the through holes 344. Thus, the 
rough surface 342(3 is formed on the overall surface 
of the lower conductor circuit 342 (Fig. 35 (C)). The 
etching solution is etching solution (Mech Etch 
Bond manufactured by Mec Company Ltd.) com- 
posed of 1 0 parts by weight of imidazole copper (I I) 
complex, 7 parts by weight of glycolic acid and 5 
parts by weight of potassium chloride. 

(1 3) Similarly to the first modification of the second 
embodiment, the interlayer resin insulating layer 
350 is formed on the substrate 330 (Fig. 35 (D)). 

(14) Then, similarly to the first modification of the 
second embodiment, the mask 349 having open- 
ings is used to form openings 351 for via holes each 
having a diameter of 80u.m are formed in the inter- 
layer resin insulating layer 350 by applying C0 2 gas 
laser beams (Fig. 36 (A)). 

(15) Then, similarly to the first modification of the 
second embodiment, the rough surface 350a is 
formed on the surface of the interlayer resin insu- 
lating layer 350 including the inner walls of the 
openings 351 for via holes (Fig. 36 (B)). 

(1 6) Then, the substrate 330 subjected to the fore- 
going process is, similarly to the first modification of 
the second embodiment, subjected to a process 
such that catalyst cores are allowed to adhere to 
the surface of the interlayer resin insulating layer 
350 and the inner walls of the openings 351 for via 
holes. 

(17) Then, similarly to the first modification of the 
second embodiment, the electroless copper-plated 
film 353 having a thickness of 0.6 ^tm to 3.0(im is 
formed to the overall surface of the rough surface 
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350a (Fig. 36 (C)). 

(1 8) Similarly to the first modification of the second 
embodiment, the plating resist 354 having a thick- 
ness of 30\im is formed (Fig. 36 (D)). 

(1 9) Similarly to the first modification of the second 
embodiment, electroless plating is performed so 
that the electrolytic copper-plated film 356 having a 
thickness of 20p.m is formed (Fig. 37 (A)). 

(20) Similarly to the first modification of the second 
embodiment, an etching process for dissolution and 
removal is performed so that the conductor circuit 
358 (including the via holes 360) composed of the 
electroless copper-plated film 353 and the electro- 
lytic copper-plated film 356 and having a thickness 
of 18 u.m is formed (Fig. 37 (B)). 

(21) A process similar to the process (12) is per- 
formed so that etching solution containing cupric 
complex and organic acid is used to form the rough 
surface 358a (Fig. 37 (C)). 

(22) The processes (1 3) to (21 ) are repeated so that 
the interlayer resin insulating layer 385 and the con- 
ductor circuit 383 (including the via holes 385) are 
formed in the upper layer portion (Fig. 37 (D)). 

(23) Then, a solder resist composition similar to that 
according to the first embodiment is applied to each 
of the two sides of the substrate to have thickness 
of 20um Thus, the solder resist layer 370 is formed 
which incorporates openings 371 U and 371 D and 
which has a thickness of 20jim (Fig. 38 (A)). 

(24) Then, similarly to the first embodiment, the 
nickel-plated layer 372 having a thickness of 5 \im 
is provided for the openings 371 U and 371 D in the 
substrate having the solder resist layer 370 formed 
thereon. Then, the gold-plated layer 374 having a 
thickness of 0.03 urn is formed on the nickel-plated 
layer 372 (Fig. 38 (B)). 

(25) Then, solder paste containing tin-lead is print- 
ed to the opening 371 U of the solder resist layer 370 
on the surface of the substrate on which the IC chip 
is mounted. Moreover, solder paste serving as the 
conductive adhesive agent 397 is printed to the in- 
ner surfaces of the openings 371 D on the othersur- 
face of the substrate. Then, the conductive connec- 
tion pins 396 are joined to a proper pin holding unit 
so as to be supported. A fixing portion 398 of each 
of the conductive connection pins 396 is brought in- 
to contact with the conductive adhesive agent 397 
in each of the conductive connection pins 396. 
Then, reflowing is performed so that the conductive 
connection pins 396 are secured to the conductive 
adhesive agent 397. The conductive connection 
pins 396 are joined by a method with which the con- 
ductive adhesive agent 397 is formed into a ball 
shape which is introduced into each of the openings 
371 D. Another method may be employed with 
which the conductive adhesive agent 397 is joined 
to the fixing portions 398 so as to join the conductive 
connection pins 396, after which reflowing is per- 



formed. Thus, a printed circuit board 20 having the 
conductive connection pins 396 can be obtained 
(see Fig. 39). 

5 [0151] In the foregoing embodiment, the resin insulat- 
ing layer constituting the core substrate has the struc- 
ture that soluble particles are dispersed in the refractory 
resin so as to roughen the surface. As an alternative to 
employment of the resin containing the soluble particles, 

10 the resin insulating layer may be constituted by soluble 
resin and refractory resin to dissolve the soluble resin 
to roughen the surface of the resin insulating layer. A 
method may be employed with which the surface of the 
interlayer resin insulating layer is subjected to a plasma 

is process or a polishing process so as to roughen the sur- 
face. 

[0152] The third embodiment enables through holes 
each having a diameter of 100p.m or smaller can reliably 
be formed. Moreover, any air bubble is not formed and 

20 the interlayer resin insulating layer can be flattened. 
Therefore, the connection easiness and the reliability 
can be improved. When the interlayer material (the resin 
insulating layer) of the core substrate is made of the 
same material as that of the interlayer resin insulating 

25 layer, the layers does not easily separated. As a result, 
the reliability can furthermore be improved. 

[Fourth Embodiment] 

30 [0153] The structure of a multi-layer printed circuit 
board according to a fourth embodiment will now be de- 
scribed with reference to Fig. 4 6 which is a cross sec- 
tional view showing a multi-layer printed circuit board 
41 0 serving as a package substrate and Fig. 47 showing 

35 a state in which an IC chip has been mounted so as to 
be joined to a daughter board. 

[01 54] As shown in Fig. 47, the multi-layer printed cir- 
cuit board 41 0 incorporates a core substrate 430 having 
through holes 436A each having a small diameter 
40 (1 OO^im) formed in the central portion thereof. Moreover, 
through holes 436B each having a large diameter (300 
um) are formed in the outer periphery of the core sub- 
strate 430. A conductor circuit 434 is formed on each of 
the two sides of the core substrate 430. A lower inter- 
ns layer resin insulating layer 450 having via holes 460 and 
a conductor circuit 458 is formed on the core substrate 
430. An upper interlayer resin insulating layer 481 hav- 
ing via holes 485 and a conductor circuit 483 is formed 
on the lower interlayer resin insulating layer 450. A sol- 
so der resist layer 470 is formed on the upper interlayer 
resin insulating layer 481. 

[01 55] Solder bumps 476S, 476V and 476G for estab- 
lishing the connection to the IC chip are disposed in the 
openings in the solder resist layer 470 on the upper sur- 
55 face of the multi-layer printed circuit board 41 0. On the 
other hand, solder bumps 476S, 476V and 476G for es- 
tablishing the connection to the daughter board are dis- 
posed in the openings of the solder resist layer 470 on 
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the bottom surface of the package substrate. 
[0156] The IC chip 90 has a pad 92S for a signal, a 
pad 92V forthe powersource and a grounding pad 92G. 
The pad 92S for a signal is allowed to pass through the 
via hole 485 of the upper interlayer resin insulating layer 
481 and the via hole 460 of the lower interlayer resin 
insulating layer 450 through the solder bump 476S for 
a signal so as to be connected to the through holes 436B 
formed in the outer periphery of the core substrate 430 
and having a large diameter. Then , the connection is es- 
tablished from the through holes 436B having the large 
diameter to pass through the lower via holes 460 and 
485 and the solder bump 476S for a signal to the pad 
96S for a signal adjacent to the daughter board 94. 
[0157] On the other hand, the pad 92V forthe power 
source of the IC chip 90 is allowed to pass through the 
solder bump 476V for the power source and the upper 
via holes 485 and 460 so as to be connected to the 
through hole 436A formed in the central portion of the 
core substrate 430 and having a small diameter. Then, 
the connection is established from the through hole 
436A having the small diameter to pass through the low- 
er via holes 460 and 485 so as to be connected to the 
pad 96V for the power source adjacent to the daughter 
board 94 from the solder bump 476V for the power 
source. Similarly, the grounding pad 92G of the IC chip 
90 is, through the grounding solder bump 476G and the 
upper via holes 485 and 460, connected to the through 
holes 436 A formed in the central portion of the core sub- 
strate 430 and having the small diameter. Then, the con- 
nection is established from the through hole 436A hav- 
ing the small diameter to be connected to the grounding 
pad 96G adjacent to the daughter board 94 from the 
grounding solder bump 476G through the lower via 
holes 460 and 485. 

[01 58] The method of wiring the electric lines between 
the IC chip and the core substrate is shown in Fig. 48 
(A). The upper surface of the core substrate 430 is 
shown in Fig. 48 (B). Note that Fig. 47 shows a state 
where the numbers of the through holes 436A and 436B 
are decreased for convenience in drawing. 
[0159] As shown in Fig. 48 (B), the through holes 
436A each having the small diameter are formed in the 
central portion of the core substrate 430. On the other 
hand, the through holes 436B each having the large di- 
ameter are formed in the outer periphery of the sub- 
strate. As shown in Fig. 48 (A), electric lines from the 
pad 92V for the power source and the grounding pad 
92G of the IC chip 90 are mainly wired in the through 
holes 436A each having the small diameter and provid- 
ed forthe core substrate 430. Electric lines from the sig- 
nal pads 92S of the IC chip 90 are mainly wired in the 
through holes 436B each having the large diameter and 
provided for the core substrate. As described later, it is 
preferable that the through holes 436A each having the 
small diameter are formed by laser beams and the 
through holes 436B each having the large diameter are 
formed by drilling. As an alternative to this, all of the 



through holes 436A each having the small diameter and 
the through holes 436B each having the large diameter 
may be formed by laser beams or drilling. 
[0160] In the fourth embodiment, the through holes 

s 436A each having the small diameter are, by laser 
beams, formed in the central portion of the core sub- 
strate 430. Moreover, the through holes 436B each hav- 
ing the large diameter are, by drilling, formed in the outer 
periphery. Therefore, the core substrate exhibiting a 

10 high wiring density in the central portion thereof can be 
formed with a low cost. Since the through holes 436A 
each having the small diameter and formed in the cen- 
tral portion are used as the power supply lines and the 
ground lines, a multiplicity of power source lines and 

15 ground lines can be provided. Moreover, the length of 
the electric from the IC chip 90 to the daughter board 94 
can be shortened. Therefore, the inductance of the pow- 
er supply line and the ground line to the IC chip can be 
reduced. As a result, electric power can instantaneously 

20 be supplied, change in the earth level can be prevented 
and, therefore, malfunction of the IC chip can be pre- 
vented. The through holes 436B each having the large 
diameter having low probability of occurrence of defec- 
tive connection are mainly used as the signal lines. The 

25 through holes 436A each having the small diameter hav- 
ing a high probability of occurrence of the defective con- 
nection are mainly used as the power source lines and 
the ground lines. Therefore, the normal operation of the 
multi-layer printed circuit board can be continued in case 

30 where the power source line or the through hole adja- 
cent to the ground line encounters disconnection. The 
warpage does not easily occur. 

[0161] Amethod of manufacturing the multi-layer 
printed circuit board 410 shown in Figs. 46 and 47 will 

35 now be described with reference to the drawings. 

[0162] The schematic structure of a carbon dioxide 
gas laser for forming penetrating openings in the core 
substrate 430 and the lower interlayer resin insulating 
layer 450 will now be described with reference to Fig. 49. 

40 [0163] As the laser unit according to this embodiment, 
ML505GT manufactured by Mitsubishi Electric is em- 
ployed. As a C0 2 laser emitter 1 80, ML5003D2 manu- 
factured by Mitsubishi Electric is employed. 
[01 64] A light beam emitted from the laser emitter 1 80 

45 is allowed to pass through a transferring mask 1 82 for 
clearing the focal point on the substrate so as to be 
made incident on a galvano head 170. The galvano 
head 170 incorporates a galvano mirror in the form of 
one pair consisting of two mirrors which are a galvano 

50 mirror 1 74X for scanning the laser beam in the X direc- 
tion and a galvano mirror 174Y for scanning the laser 
beam in the Y direction. The mirrors 1 74X and 1 74Y are 
moved by control motors 172X and 172Y The motors 
172X and 172Y responds to a control command issued 

55 from a control unit (not shown) to adjust the angle of 
each of the mirrors 1 74X and 1 74Y. Moreover, the mo- 
tors 1 72X and 1 72Y transmits detection signals supplied 
from included encoders to the computer. 
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[0165] The laser beam is allowed to pass through the 
galvano mirrors 1 74X and 1 74Y so as to be scanned in 
the X-Y directions. Then, the laser beam is allowed to 
pass through a f-G lens 1 76 so that penetrating openings 
433A for the through holes are formed in the core sub- 5 
strate 430. The core substrate 430 is placed on an X-Y 
table 1 90 which moves in the X-Y directions. 
[0166] The process for manufacturing the multi-layer 
printed circuit board according to the fourth embodiment 
will now be described with reference to Figs. 40 to 45. 10 
In the fourth embodiment, the multi-layer printed circuit 
board is formed by the semi-additive method. 

(1 ) As shown in Fig. 40 (A), a copper-clad laminated 
board 430A incorporating the substrate 430 consti- 
tuted by glass epoxy resin or BT (Bismaleimide-Tri- 
azine) resin having a thickness of 0.8 mm and hav- 
ing two sides to each of which copper foil 432 having 
a thickness of 18p.m is laminated is employed as 

the starting material. The copper-clad laminated 20 
board 430A is subjected to a blacking process using 
a blacking bath (an oxidizing bath) which is solution 
containing NaOH (10 g/l), NaCI0 2 (40 g/l) and 
Na 3 P0 4 (6 g/l). Moreover, a reducing process is 
performed by using a reducing bath which is solu- 25 
tion containing NaOH (10 g/l) and NaBH 4 (6 g/l). 
Thus, the rough surface 432p is formed on the over- 
all surface of the copper foil 432 (Fig. 40 (B)). Al- 
though the blacking and reducing processes are 
employed to form the rough surface, the rough sur- 30 
face may be formed by etching or electroless plating 
to be described later. 

(2) Then, the substrate 430 is placed on the X-Y 
table 1 90 of the carbon dioxide laser unit described 
with reference to Fig. 49. Then, C0 2 gas laser 35 
beams having a wavelength of 10.4 ujti are used 
under conditions that the beam diameter is 5 mm, 

the mode is the top-hat mode, the pulse width is 50 
\is and the number of shots is 1 0 to form penetrating 
openings 433A each having a diameter of 1 00 \im 40 
and formed in the central portion of the substrate 
430 at pitches of 300u.m (see Figs. 40 (C) and 48 
(B». 

(3) A drill 498 is used to form penetrating openings 
433B each having a diameter of 300p.m in the outer 45 
periphery of the substrate 430 at pitches of 600u.m 
(Figs. 40 (D) and 48 (B)). 

Then, the substrate 430 is immersed in electro- 
less plating solution so as to cause copper-plated 
film to deposit on the side wall of each of the pene- so 
trating openings 433A and 433B. Thus, the through 
holes 436A and 436B are formed (Fig. 41 (A)). 
Then, a usual method is employed to perform etch- 
ing in accordance with the pattern so that in ner cop- 
per pattern (the lower conductor circuit) 434 is 55 
formed on each of the two sides of the substrate 
(Fig. 41 (B)). 

(4) The substrate having the lower conductor circuit 



434 formed thereon is cleaned with water, and then 
the substrate is dried. Then, etching solution is 
sprayed to the two sides of the substrate so as to 
etch the surface of the lower conductor circuit 434 
and the surfaces of the lands 436a of the through 
holes 436A and 436B. Thus, a rough surface 434(3 
is formed on the overall surface of the lower con- 
ductor circuit 434 and a rough surface 436(i is 
formed on each of the lands 436a of the through 
holes 436A and 436B and the inner walls (Fig. 41 
(C)). The rough surfaces can be formed by the 
blacking and reducing processes. In the foregoing 
case, the blacking process is performed by using a 
blacking bath (an oxidizing bath) which is solution 
containing NaOH (10 g/l), NaCI0 2 (40 g/l) and 
Na 3 P0 4 (6 g/l). Moreover, the reducing process is 
performed by using a reducing bath which is solu- 
tion containing NaOH (10 g/l) and NaBH 4 (6 g/l). 

The rough surfaces can be formed by immers- 
ing the substrate in etching solution composed of 
the cupric complex, organic acid salt, hydrogen per- 
oxide and sulfuric acid or by spraying the foregoing 
etching solution. The rough surfaces can be formed 
by electroless plating. When the rough surfaces are 
formed by electroless plating, the substrate 430 
having the conductor circuit 434 formed thereon is 
degreased with alkali to perform soft etching. Then, 
a process using catalyst solution composed of pal- 
ladium chloride and organic acid is performed to im- 
part Pd catalyst. Then, the catalyst is activated. 
Then, the substrate 430 is immersed in electroless 
plating solution composed of 3.2 x 1 0 -2 mol/l cop- 
per sulfate, 3.9 x 10' 3 mol/l nickel sulfate, 5.4 x 
10' 2 mol/l complexing agent, 3.3 x 10' 1 mol/l sodi- 
um hypophosphite, 5.0 x 10' 1 mol/l boric acid, 0.1 
g/l surface active agent (Surfil 465 manufactured by 
Nissin Chemical) having PH = 9. After immersion 
has been performed for one minute, the substrate 
430 is vibrated vertically and laterally one time for 
four seconds. Thus, a coating layer and a rough lay- 
er constituted by a needle alloy made of Cu-Ni-P 
are formed on the surface of each conductor circuit 
434 and each land 436a of the through hole 436. 

(5) A resin filler 440 mainly composed of cyclo-olefin 
resin or epoxy resin is applied to the two sides of 
the substrate by using a printer. Thus, the resin filler 
440 is enclosed between the conductor circuits 434 
and into the through holes 436A and 436B. Then, 
heating and drying processes are performed. That 
is, the foregoing process causes the resin filler 440 
to be enclosed between the lower conductor circuits 
434 and into the through holes 436A and 436B (Fig. 
41 (D)). 

(6) The substrate subjected to the process (5) is pol- 
ished, heated and hardened (Fig. 42 (A)). 

(7) The etching solution which is the same as that 
used in the process (4) is sprayed to the two sides 
of the substrate subjected to the process (6). Thus, 
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the surface of the conductor circuit 434 and the sur- 
faces of the lands 436a of the through holes 436 
which have temporarily be flattened are etched. 
Thus, the rough surface 434p is formed on the over- 
all surface of the lower conductor circuit 434. More- 
over, the rough layer 436(3 is formed on the surfaces 
of the lands 436a of the through holes (Fig. 42 (B)). 
Although the rough surfaces are formed by etching 
in the foregoing process, the rough layers may be 
formed by electroless plating. 

(8) Then, the substrate subjected to the foregoing 
process is provided with the lower interlayer resin 
insulating layer 450 constituted by cyclo-olefin resin 
(Fig. 42 (C)). 

(9) Then, similarly to the second embodiment, C0 2 
gas laser beams were applied to form openings 448 
for via holes each having a diameter of 8041m in the 
interlayer resin insulating layer 450 (Fig. 42 (D)). 
Then, oxygen plasma was used to perform a des- 
mear process. 

(10) Then, a plasma process is performed to rough- 
en the surface of the interlayer resin insulating layer 
450 (Fig. 43 (A)). 

(11) Then, similarly to the second embodiment, a 
Ni-Cu alloy layer 452 was formed on the surface of 
a polyolefin interlayer resin insulating layer 450 
(Fig. 43(B)). 

(12) A pattern of a resist 454 was, similarly to the 
second embodiment, formed on the substrate sub- 
jected to the foregoing process (Fig. 43 (C)). 

(13) Then, similarly to the second embodiment, 
electroplating was performed so that an electrolytic- 
plated film 456 having a thickness of 15 u.m was 
formed (Fig. 44 (A)). 

(14) Then, similarly to the second embodiment, 
etching was performed to perform dissolution and 
removal so that a conductor circuit 458 (including 
via holes 460) constituted by electrolytic copper- 
plated film 456 and having a thickness of 1 6 ^tm was 
formed (Fig. 44 (B)). 

(15) Then, the foregoing processes (5) to (13) are 
repeated so that further upper interlayer resin insu- 
lating layer 150, the conductor circuit 483 and the 
via holes 485 were formed (Fig. 44 (C)). 

(16) Then, a solder resist composition is, similarly 
to the first embodiment, applied to the two sides of 
the multi-layer printed circuit board to have a thick- 
ness of 20ujti. Thus, the solder resist layer (an or- 
ganic resin insulating layer) 470 having the open- 
ings 471 corresponding to the solder pad portions 
and having a thickness of 20pjn was formed (Fig. 
45(A)). 

(17) Then, similarly to the first embodiment, the 
nickel-plated layer 472 having a thickness of 5 u,m 
was formed in each opening 471 . Moreover, the 
gold-plated layer 474 having a thickness of 0.03 \irr\ 
was formed on the nickel-plated layer 472 (Fig. 45 
(B)). 



(18) Then, solder paste is printed to the openings 
in the solder resist layer 470, and then reflowing is 
performed at 200°C. Thus, solder bumps (solder) 
476S, 476V and 476G are formed. Thus, the multi- 

5 layer printed circuit board 41 0 is manufactured (see 

Fig. 46). 

(1 9) Finally, the IC chip 90 is placed such that pads 
92S, 92V and 92G correspond to the solder bumps 
476S, 476V and 476G of the multi-layer printed cir- 

10 cuit board 41 0. Then, reflowing is performed so that 
the IC chip 90 is joined. Then, the foregoing pack- 
age substrate 41 0 is placed on the daughter board 
94, and then reflowing is performed so as to be 
placed on the daughter board (Fig. 47). 

15 

(First Modification of Fourth Embodiment) 

[01 67] Fig. 56 shows the cross section of a multi-layer 
printed circuit board according to a first modification of 

20 the fourth embodiment and applied to a package sub- 
strate. A multi-layer printed circuit board 110 according 
to the first modification is similar to that according to the 
fourth embodiment described with reference to Fig. 46. 
In the fourth embodiment, the solder bumps 476S, 476V 

25 and 476G are formed on the lower surface of the multi- 
layer printed circuit board. In the first modification, the 
conductive connection pins 478 are provided. 
[0168] A method of manufacturing the multi- layer 
printed circuit board according to the first modification 

30 will now be described. 

[01 69] Note that the process A for manufacturing the 
resin film forthe interlayer resin insulating layer is similar 
to that according to the first modification of the second 
embodiment. The process B for preparing the resin filler 

35 is similar to that according to the first modification of the 
third embodiment. 

[0170] Method of Manufacturing Multi-Layer Printed 
Circuit Board 

40 (1 ) A copper-clad laminated board 430A incorporat- 
ing a substrate 430 having a thickness of 0.8 mm 
and constituted by glass epoxy resin or BT (Bis- 
maleimide-Triazine) and two sides to each of which 
copper foil 432 having a thickness of 18 u.m is lam- 

45 inated was employed as the starting material (Fig. 
50 (A)). Initially, the copper-clad laminated board 
430A was subjected to a blacking process using a 
blacking bath (an oxidizing bath) which is solution 
containing NaOH (10 g/l), NaCI0 2 (40 g/l) and 

so Na 3 P0 4 (6 g/l). Moreover, a reducing process was 
performed by using a reducing bath which was so- 
lution containing NaOH (10 g/l) and NaBH 4 (6 g/l). 
Thus, the rough surface 432J} was formed on the 
overall surface of the copper foil 432 (Fig. 50 (B)). 

55 The rough surface 432(3 can be omitted. 

(2) Then, the substrate 430 is placed on the table 
of a carbon dioxide laser unit described with refer- 
ence to Fig. 49. Then, carbon dioxide gas laser 
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beams are applied so that penetrating openings 
433A each having a diameter of 1 0O^im are formed 
in the central portion of the substrate 430 at pitches 
of 300u.m (Fig. 50 (C) and 48 (B)). 

(3) A drill 98 is used to form penetrating openings 5 
433B each having a diameter of 300jim in the outer 
periphery of the core substrate 430 at pitches of 
600ujm (Fig. 50 (D) and 48 (B)). 

Then, the core substrate 430 was immersed in 
electroless plating solution to cause copper-plated 10 
film to deposit on each of the side walls of the pen- 
etrating openings 433A and 433B so that through 
holes 436A and 436B are formed (Fig. 51 (A)). A 
usual method is employed to perform etching to cor- 
respond to the pattern so that inner copper pattern is 
(the lower conductor circuit) 434 was formed on 
each of the two sides of the substrate (Fig. 51 (B)). 

(4) The substrate having the lower conductor circuit 
434 formed thereon was cleaned with water, and 
then the substrate was dried. Then, etching solution 20 
was sprayed to the two sides of the substrate so 
that the surface of the lower conductor circuit 434 
and the surfaces of the lands 436a of the through 
holes 436A and 436B are etched. Thus, a rough 
surface 434(3 was formed on the overall surface of 25 
the lower conductor circuit 434. Moreover, a rough 
surface 436(3 was formed on each of the surfaces 
and the inner walls of the lands 436a of the through 
holes 436A and 436B (Fig. 51 (C)). 

(5) The resin filler for use in the process B was pre- 30 
pared, and then a layer of the resin filler 440 was 
formed in through holes 436A and 436B, a portion 

of either side of the substrate 430 on which the con- 
ductor circuit is not formed and the output periphery 
of the conductor circuit 434 within 24 hours after the 35 
preparation (Fig. 51 (D)). 

That is, a squeeze was used to inwards push 
the resin filler 440 into the through holes 436A and 
436B. Then, drying was performed at 1 00°C for 20 
minutes. Then, a mask having openings corre- 40 
sponding to the portions in which the conductor cir- 
cuit is not formed was placed on the substrate. 
Then, the squeeze was used to form a layer of the 
resin filler 440 in the portion which is formed into a 
recess and in which the conductor circuit is not 45 
formed. Then, drying was performed at 100°C for 
20 minutes. 

(6) The substrate subjected to the process (5) was 
polished. Then, the resin filler 440 was hardened 
(Fig. 52 (A)). 50 

(7) The substrate was cleaned with water, and then 
the substrate was degreased with acid. Then, soft 
etching was performed, and then etching solution 
was sprayed to the two sides of the substrate. Thus, 

the surface of the lower conductor circuit 434 and 55 
the surfaces and the inner walls of the lands 436a 
of the through holes 436A and 436B were etched. 
Thus, the rough surface 434(3 was formed on the 



overall surface of the lower conductor circuit 434 
and the rough surface 436(3 was formed on each of 
the surfaces of the lands 436a of the through holes 
(Fig. 52 (B)). 

(8) Similarly to the first modification of the second 
embodiment, a resin film for the interlayer resin in- 
sulating layer was placed on each of the two sides 
of the substrate so as to be bonded. Thus, the in- 
terlayer resin insulating layer 450 was formed (Fig. 
52 (O). 

(9) Similarly to the first modification of the second 
embodiment, a mask 449 having a thickness of 1 .2 
mm and penetrating openings 449a formed therein 
is placed on the interlayer resin insulating Iayer450. 
Then, C0 2 gas laser beams were applied to form 
the openings 448 each having a diameter of 80p.m 
in the interlayer resin insulating layer 450 (Fig. 52 
(D)). 

(10) Similarly to the first modification of the second 
embodiment, the surface of the interlayer resin in- 
sulating layer 450 including the inner wall of each 
of the openings 448 for the via holes was roughened 
(Fig. 53 (A)). 

(1 1 ) Then, catalyst cores were allowed to adhere to 
the surface of the interlayer resin insulating layer 
450 and the inner wall of each of the openings 448 
for the via holes. 

(1 2) Similarly to the first modification of the second 
embodiment, the electroless copper-plated film 451 
was formed (Fig. 53 (B)). 

(1 3) Similarly to the first modification of the second 
embodiment, the plating resist 454 having a thick- 
ness of 30u.m was formed (Fig. 53 (C)). 

(14) Then, similarly to the first modification of the 
second embodiment, electrolytic copper plating 
was performed. Thus, the electrolytic copper-plated 
film 456 having a thickness of 20u.m was formed 
(Fig. 54 (A)). 

(15) The plating resist 54 was separated and re- 
moved with 5 % NaOH, and then the electroless 
plated film 451 below the plating resist 454 was 
etched with mixed solution of sulfuric acid and hy- 
drogen peroxide. Thus, a conductor circuit (includ- 
ing via holes 460) 458 composed of the electroless 
copper-plated film 451 and the electrolytic copper- 
plated film 456 and having a thickness of 1 8 u.m was 
formed (Fig. 54 (B)). 

(16) A process similar to the process (7) was per- 
formed such that the etching solution containing cu- 
pric complex and organic acid was used to form the 
rough surface 462 (Fig. 54 (C)). 

(1 7) The processes (8) to (1 6) were repeated so that 
further upper interlayer resin insulating layer 487, 
the conductor circuit 483 and the via holes 485 were 
formed. Thus, the multi-layer printed circuit board 
was obtained (Fig. 55 (A)). 

(1 8) The solder resist composition similar to that ac- 
cording to the first embodiment was applied to the 
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two sides of the multi-layer printed circuit board to 
have athickness of 20\im. Thus, openings 471 each 
having a diameter of 200^im were formed. Hence it 
follows that the solder resist layer 470 having a 
thickness of 20u.m was formed (Fig. 55 (B)). 

(1 9) Then, the nickel-plate layer 472 having a thick- 
ness of 5 was formed in each of the openings 
471 of the substrate having the solder resist layer 
470. Then, the gold-plated layer 474 having athick- 
ness of 0.03 u,m was formed on the nickel-plated 
layer 472 (Fig. 55 (C)). 

(20) Then, solder paste containing tin-lead was 
printed to the openings in the solder resist layer 470 
on the surface of the substrate on which the IC chip 
is mounted. Then, solder paste containing tin-anti- 
mony was printed in the operations of the solder re- 
sist layer 470 on the other surface. Then, reflowing 
was performed at 200°C substrate 430 so that sol- 
der bumps 476S, 476V and 476G were formed. 
Then, the conductive connection pins 478 were pro- 
vided for the lower surface. As a result, the printed 
circuit board 110 was manufactured (see Fig. 56). 

(Second Modification of Fourth Embodiment) 

[0171] A second modification of the fourth embodi- 
ment will now be described. In the first embodiment and 
first modification, the penetrating openings 433A and 
433B are formed in the copper-clad laminated board. 
On the other hand, the second modification has the 
structure that the resin layer is formed in the copper-clad 
laminated board. Then, the penetrating openings 433A 
and 434B are formed. 

[0172] A method of forming a core substrate accord- 
ing to thesecond modification will now be described with 
reference to Fig. 57. 

(1) A copper-clad laminated board 430A incorporat- 
ing a substrate 430 constituted by glass epoxy res- 
in, BT, FR-4 or FR-5 resin having a thickness of 0.8 
mm and having two sides to each of which copper 
foil 432 having a thickness of 18 u.m is laminated 
was employed as the starting material (Fig. 57 (A)). 
A usual method was employed to perform etching 
to correspond to the pattern so that the innercopper 
pattern (the lower conductor circuit) 431 was 
formed on each of the two sides of the substrate 
(Fig. 57 (B». 

(2) A thermosetting resin insulating film similar to 
that according to the third embodiment is bonded to 
each of the two sides of the substrate 430 so that 
the resin layer 435 is formed (Fig. 57 (C)). 

(3) The substrate 430 is placed on a table of a car- 
bon dioxide laser unit similarto that according to the 
fourth embodiment. Then, carbon dioxide gas laser 
beams are applied so that penetrating openings 
433A each having a diameter of 1 OOujt) are formed 
in the central portion of the substrate 430 at pitches 



of 300n.m (Fig. 57 (D)). 

(4) Then, the drill 98 is used to form penetrating 
openings 433B each having a diameter of 300u.m 
in the outer periphery of the core substrate 430 at 

5 pitches of 600u.m (Fig. 57 (E)). 

(5) Then, immersion in electroless plating solution 
is performed to cause the copper-plated films to de- 
posit on the side walls of the penetrating openings 
433A and 433B. Thus, the through holes 436A and 

10 436B are formed. Then, etching is performed so 
that the conductor circuit 434 is formed (Fig. 57 (F)). 
The following processes are similar to those ac- 
cording to the fourth embodiment and the second 
modification. Therefore, the following processes 

is are omitted from illustration and description. 

[0173] In the foregoing embodiment, the through 
holes each having the small diameter are formed in the 
central portion and the through holes each having the 
20 large diameter are formed in the outer periphery. The 
present invention is not limited. The through holes each 
having the small diameter may arbitrarily be formed in 
a portion in which the wiring density must be raised. 

25 [Comparative Example 2] 

[0174] The structure is similarto that according to the 
fourth embodiment except for a structure that each of 
the through holes in the core substrate is formed to have 
30 a diameter of 1 00u.m by using laser beams. 

[Comparative Example 3] 

[0175] The structure is similarto that according to the 
35 fourth embodiment except for a structure that each of 
the through holes in the core substrate is formed to have 
a diameter of 300u.m by drilling. 

[Comparative Example 4] 

40 

[0176] The structure is similarto that according to the 
first modification except for a structure that each of the 
through holes in the core substrate is formed to have a 
diameter of 100uxn by using laser beams. 

45 

[Comparative Example 5] 

[01 77] The structure is similar to that according to the 
first modification except for a structure that each of the 
50 through holes in the core substrate is formed to have a 
diameter of 300 u,m by drilling. 

[0178] A high-frequency IC chip adapted to 1 GHz 
was mounted on each of the multi-layer printed circuit 
boards according to the fourth embodiment, the first 
55 modification and the second modification and the multi- 
layer printed circuit boards according to comparative ex- 
amples 2, 3, 4 and 5. Thus, comparative tests were per- 
formed. 
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[0179] As a result, the IC chips according to compar- 
ative examples 3 and 5 encountered frequent occur- 
rence of errors. A consideration can be made that the 
foregoing errors are caused from insufficient supply of 
electric power because the numbers of the power supply 5 
lines and the earth lines are too small. 
[0180] On the other hand, the multi-layer printed cir- 
cuit boards according to the fourth embodiment, the first 
modification and the second modification and compar- 
ative examples 2 and 4 resulted in stable operations. 
The multi-layer printed circuit boards according to com- 
parative examples 2 and 4 have the structure that all of 
through holes are formed by laser beams. Therefore, 
the manufacturing cost is raised excessively as com- 
pared with the multi-layer printed circuit boards accord- 
ing to the fourth embodiment, the first modification and 
the second modification. Thus, the possibility of discon- 
nection of the through hole is raised. 

[Fifth Embodiment] 

[0181] The structure of a multi-layer printed circuit 
board according to a fifth embodiment of the present in- 
vention will now be described with reference to Fig. 65 
which is a cross sectional view showing a multi-layer 
printed circuit board 510. The multi-layer printed circuit 
board 51 0 incorporates a core substrate 530 having the 
right and reverse sides on which buildup multilayerprint- 
ed circuit boards 580A and 580B are formed. Each of 
the buildup multilayer printed circuit boards 580A and 
580B incorporates an interlayer resin insulating layer 
550 having via holes 560 and a conductor circuit 558; 
and an interlayer resin insulating layer 581 having via 
holes 585 and a conductor circuit 583. The buildup mul- 
tilayer printed circuit board 580A and the buildup multi- 
layer printed circuit board 580B are connected to each 
other through holes 536 formed in penetrating openings 
531 formed in the core substrate. A solder resist 570 is 
formed on the interlayer resin insulating layer 581 . Sol- 
der bumps 576 are provided for the via holes 585 and 
the conductor circuit 583 through openings 571 of the 
solder resist 570. 

[0182] In this embodiment, penetrating openings 531 
are formed in the core substrate 530 by applying C0 2 
laser beams (YAG laser, excimer laser or UV laser). 
Thus, penetrating openings each having a small diam- 
eter can be formed. Moreover, a sputtered layer 532 is 
formed on the core substrate 530 by sputtering. Since 
the sputtered layer is formed after the penetrating open- 
ings have been formed, retention of metal, such as cop- 
per, on the inner wall of the through hole when openings 
have been formed by the laser beams can be prevented 
which causes separation of the plated film formed on 
the inner surface of the through hole. 
[0183] A method of manufacturing the multi-layer 
printed circuit board 510 will now be described. Note that 
the material A which is the adhesive agent for electro- 
less plating and the material B which is the interlayer 



resin insulating agent are similar to those according to 
the second modification of the second embodiment. 
Moreover, the composition C of the resin filler is similar 
to that according to the first modification of the third em- 
bodiment. 

(1) A core substrate 530 constituted by thermoset- 
ting insulating resin, thermoplastic resin insulating 
resin or their composite material having a thickness 
of 50u.m to 700^m is used as the starting material 
(Fig. 58 (A)). The core substrate is made of one or 
more types of materials selected from epoxy resin, 
phenol resin, BT(Bismaleimide-Triazine) resin, FR- 
5, PPE and polyolefin. A reinforcing agent may be 
added. 

(2) Then, penetrating openings 531 are formed in 
the core substrate 530 by applying C0 2 laser 
beams (YAG laser, excimer laser or UV laser) (Fig. 
58 (B)). It is most preferable that the C0 2 laser 
beam is employed because penetrating openings 
can adequately be formed in the core substrate. As 
distinct from the conventional copper-clad laminat- 
ed board, the penetrating openings are formed in 
only the resin. Therefore, the penetrating openings 
can easily be formed. The diameter of each pene- 
trating opening must be 75 jim to 250fim. As a result 
of the foregoing process, penetrating openings 
each having a smaller diameter as compared with 
the openings formed by the drill can be formed. 

(3) A sputtered layer 532 is formed on the core sub- 
strate 530 by sputtering (Fig. 58 (C)). The thickness 
of the sputtered layer 532 must be about 0.01 u.m 
to about 0.1 nm. The metal for use in the sputtering 
process may be one or more materials selected 
from Ni, Cr, Pd and Mo as well as Cu. Strength be- 
tween the sputtered layer and the resin of 1 ,0 kg/ 
cm 2 which is similar to that realized by the conven- 
tional copper-clad laminated board can be main- 
tained. After the penetrating openings 531 have 
been formed, the sputtered layer 532 is formed. 
Thus, as distinct from the structure that the open- 
ings are formed in the copper-clad laminated board 
by applying laser beams, retention of copper on the 
inner wall of the through hole after the opening has 
been formed and, therefore, separation of the plat- 
ed film formed on the inner surface of the through 
hole can be prevented. 

(4) The core substrate 530 having the through holes 

536 formed therein is subjected to the electroless 
plating process so that an electroless plated layer 

537 is formed (Fig. 58 (D)). It is preferable that the 
thickness of the electroless plating is about 0.1 ^m 
to 0.2 u.m. It is preferable that Cu or Ni is employed 
to form the foregoing layer. 

(5) Then, a resist 539 corresponding to a predeter- 
mined pattern is formed on the foregoing layer by 
applying a dry film or a liquid resist (Fig. 59 (A)). 
Then, electroplated layer is performed to corre- 
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spond to the predetermined pattern so that an elec- 
troplated layer 533 is formed (Fig. 59 (B)). 

(6) Then, the resist 539 on the core substrate 530 
is separated and removed. Then, etching is per- 
formed so that the sputtered layer 532 and the elec- 5 
troless plated layer 537 below the resist 539 are re- 
moved. Thus, a conductor circuit 534 and through 
holes 536 are formed. Moreover, etching is per- 
formed so that a rough layer 538 is formed on the 
surfaces of the conductor circuit 534 and the 10 
through holes 536 (Fig. 59 (C)). 

(7) The material C which was the raw material com- 
position for preparing the resin filler was mixed and 
kneaded so that the resin filler was obtained. 

(8) The resin filler temperature in the process (7) *s 
was applied and enclosed to the space between the 
conductor circuits 534 and the inside portions of the 
through holes 536 within 24 hours after the prepa- 
ration. 

The application was performed by a printing 20 
method using a squeeze. The first application op- 
eration was performed such that the through holes 
536 were mainly filled with the resin filler. Then, dry- 
ing was performed at a temperature of 1 00°C for 20 
minutes in a drying furnace. 25 

A second application operation was performed 
such that recesses formed when the conductor cir- 
cuit 534 was formed were mainly filled with the resin 
filler Moreover, the space between the conductor 
circuit 534 and the conductor circuit 534 and the in- 30 
side portion of each of the through holes 536 were 
filled with the resin filler 540. Then, drying was per- 
formed under the same drying conditions (Fig. 59 
(D)). 

(9) The substrate 530 subjected to the process (8) 35 
is polished and hardened (Fig. 60 (A)). 

(1 0) The substrate 530 having the conductor circuit 
534 formed thereon is degreased with alkali to per- 
form soft etching. Then, a process using catalyst so- 
lution composed of palladium chloride and organic 40 
acid is performed to supply a Pd catalyst. Then, the 
catalyst is activated, and then a coating layer con- 
stituted by a needle alloy made of Cu-Ni-P and a 
rough layer 542 are formed on the surfaces of the 
conductor circuit and the lands of the through holes 45 
(Fig. 60 (B)). 

(1 1 ) The raw material composition for preparing the 
material B which is the interlayer resin insulating 
agent was stirred and mixed to adjust the viscosity 

to 1 .5 Pa.s. Thus, an interlayer resin insulating ma- 50 
terial (for the lower layer) is obtained. 

Then, the raw material composition for prepar- 
ing the material A which is the adhesive agent for 
electroless plating is stirred and mixed, and then the 
viscosity is adjusted to 7 Pa.s. Thus, adhesive 55 
agent solution for electroless plating (for the upper 
layer) is obtained. 

(12) The interlayer resin insulating agent (for the 



lower layer) 544 obtained in the process (11) and 
having the viscosity of 1 .5 Pa.s is applied to the two 
sides of the substrate 530 described in (10) within 
24 hours after the preparation by using a roll coater. 
Then, the substrate 530 in a state where it is placed 
horizontally is allowed to stand for 20 minutes. 
Then, drying (prebaking) is performed at 60°C for 
30 minutes. Then, photosensitive adhesive agent 
solution (for the upper layer) 546 obtained in the 
process (11) and having the viscosity of 7 Pa.s is 
applied within 24 hours after the preparation. Then , 
the substrate 530 in a horizontal state is allowed to 
stand for 20 minutes, and then drying (prebaking) 
is performed at 60°C for 30 minutes. Thus, an ad- 
hesive agent layer 550a having a thickness of 35 
|im is formed (Fig. 60 (C)). 

(13) A photomask film 551 having a black circle 
551 a having a diameter of 85 u,m is brought into her- 
metic contact with the two sides of the substrate 530 
having the adhesive agent layer formed in the proc- 
ess (12). Then, ultra high-pressure mercury lamp 
was operated to perform exposure at 500 mJ/cm 2 
(Fig. 60 (D)). Then, spray development using 
DMTG solution is performed. Then, the foregoing 
substrate is exposed by the ultra high-pressure 
mercury lamp at 3000 mJ/cm 2 . Then, a heating 
process (post baking) is performed at 1 00°C for one 
hour, 120°Cforone hourand 150°Cforthree hours. 
Thus, an interlayer resin insulating layer (two-layer 
structure) 550 excellent in the dimension accuracy 
corresponding to the photomask film, incorporating 
openings (openings for forming via holes) 548 each 
having a diameter of 85 u,m and having a thickness 
of 35 u.m is formed (Fig. 61 (A)). Note that a tin- 
plated layer (not shown) was partially exposed in 
the opening 548 serving as the via hole. 

(14) The core substrate 530 having the openings 
548 is immersed in chromic acid for 19 minutes to 
dissolve and remove epoxy resin particles present 
on the surface of the interlayer resin insulating layer. 
Thus, the surface of the interlayer resin insulating 
layer 550 is roughened. Then, the substrate 530 is 
immersed in neutral solution (manufactured by Shi- 
lay), and then the substrate 530 is cleaned with wa- 
ter (Fig. 61 (B)). 

Then, a palladium catalyst (manufactured by 
Atotech) is supplied to the surface of the substrate 
530 subjected to the roughening process (depth of 
the roughened portion is 6|im). Thus, catalyst cores 
are allowed to adhere to the surface of the interlayer 
resin insulating layer 550 and the inner walls of the 
openings 548 for the via holes. As an alternative to 
this, strong acid (hydrochloric acid, sulfonic acid, ni- 
tric acid or the like) or permanganic acid may be 
employed. 

(1 5) The substrate 530 is immersed in electroless 
plating solution having the following composition to 
form an electroless copper-plated film 552 having a 
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thickness of 0.6 u.m to 1 .2 \im is formed on the over- 
all rough surface (Fig. 61 (C)). 
[Electroless Plating Solution] 



EDTA 


0.08 mol/l 


Copper Sulfate 


0.03 mol/l 


HCHO 


0.05 mol/l 


NaOH 


0.05 mol/l 


a, a'-bipyridyl 


80 mg/l 


PEG 


0.10 g/l 



[Electroless Plating Conditions] 

20 minutes when the temperature of the solu- 
tion is 65°C 15 

(16) A marketed photosensitive dry film is bonded 
to the surface of the electroless copper-plated film 
552 formed in the process (15). Then, a mask is 
placed, and then exposure is performed at 1 00 mJ/ 
cm 2 . Then, a development process is performed by 20 
using sodium carbonate so that a plating resist 554 
having a thickness of 15ji m is obtained (Fig. 61 
(D)). 

(17) Then, similarly to the first modification of the 
second embodiment, the portion in which the resist 25 
is not formed is subjected to electrolytic copper plat- 
ing. Thus, an electrolytic copper-plated film 556 
having a thickness of 15u,m is formed (Fig. 62 (A)). 

(18) The plating resist 554 was separated and re- 
moved with 5 % KOH, and then the electroless cop- 30 
per-plated film 552 was subjected to an etching 
process using mixed solution of sulfuric acid and hy- 
droperoxide so as to be dissolved and removed. 
Thus, the conductor circuit 558 having a thickness 

of 1 8ujti (including the via holes 560) is constituted 35 
by the electroless copper-plated film 552 and the 
electrolytic copper-plated film 556 was formed (Fig. 
62 (B)). 

(19) A process similar to the process (10) is per- 
formed such that etching solution containing cupric 40 
complex and organic acid was used to form the 
rough layer 562. Then, Sn-substitution for the sur- 
face was performed (Fig. 62 (C)). 

(20) The processes (11) to (19) were repeated so 
that the further upper interlayer resin insulating lay- 45 
er 581 , the conductor circuit 583 and the via holes 
585 were formed. Thus, the multi-layer printed cir- 
cuit board was obtained. Note that the Sn-substitu- 
tion for the rough surface 162 in the surface layer 
was not performed (Fig. 62 (D)). 50 

(21) The two sides of the multi-layer printed circuit 
board were coated with the solder resist composi- 
tion 570a similarly to the first embodiment to have 
a thickness of 20ujti (Fig. 63 (A)). Then, exposure 
was performed by using ultraviolet rays, and a 55 
DMTG process was performed. Then, a heating 
process was performed so that the solder resist 570 
(having a thickness of 20u.m) incorporating open- 



ings 571 (each having a diameter of 200p,m) formed 
in the solder pad portions (including the via holes 
and their lands) was formed (Fig. 63 (B)). 

(22) Then, similarly to the first embodiment, a metal 
layer 572 having a thickness of 5 u.m and constitut- 
ed by nickel was formed in each of the openings 
571 (Fig. 64 (A)). Thus, when the conductor circuit 
583 for forming the solder pads 77 has pits and pro- 
jections, the pits and projections can completely be 
coated. As a result, the surface condition of the met- 
al layer 572 can be uniformed. 

(23) Then, the gold-plated layer 574 having a thick- 
ness of 0.03fim was formed on the metal layer 572 
(Fig. 64 (B)). 

(24) Then, solder paste was printed to the opening 
571 of the solder resist 570. Then, reflowing was 
performed at 200°C so that the solder bumps 576 
(solder) were formed (see Fig. 65). 

(First Modification of Fifth Embodiment) 

[0184] The structure of the first modification is basi- 
cally the same as that of the fifth embodiment. 
[0185] As an alternative to the interlayer resin insulat- 
ing layer, the thermosetting resin film according to the 
third embodiment was employed. Thus, an interlayer 
resin insulating layer having a thickness of 35 |xm and 
incorporating via holes was formed. 

(Second Modification of Fifth Embodiment) 

[0186] A manufacturing method according to the sec- 
ond modification is basically the same as processes (1) 
to (10) according to the fifth embodiment. 
[01 87] As an alternative to the interlayer resin insulat- 
ing layer, the film was previously manufactured by poly- 
olefin which was a low dielectric material. Then, the film 
was pressed with heat so that via holes were formed by 
using carbon dioxide laser beams, excimer laser beams 
or UV laser beams. 

(11) Then, the substrate subjected to the foregoing 
process is provided with an interlayer resin insulat- 
ing layer 550 constituted by cyclo-olefin resin simi- 
larly to the second embodiment (Fig. 66 (A)). 

(1 2) Then, similarly to the second embodiment, C0 2 
gas laser beams were used to form the openings 
548 for the via holes each having a diameter of 
80|4.m in the interlayer resin insulating layer 550 
(Fig. 66 (B)). 

(13) Then, a plasma process was performed to 
roughen the surface of the interlayer resin insulating 
layer 550 (Fig. 66 (C)). 

(1 4) Then, similarly to the second embodiment, the 
Ni-Cualloy layer 52 was formed on the surface of 
the polyolefin interlayer resin insulating layer 550 
(Fig. 66 (D)). 

(1 5) The substrate subjected to the foregoing proc- 
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ess was provided with the pattern of the plating re- 
sist 554 similarly to the second embodiment (Fig. 
67 (A)). 

(16) Then, similarly to the second embodiment, 
electroplating was performed so that the electrolytic 
copper-plated film 556 having a thickness of 15 \im 
was formed (Fig. 67 (B)). 

(17) Then, the plating resist 554 was separated and 
removed with 5 % NaOH, and then the electroless 
Ni-Cu alloy layer 552 present below the plating re- 
sist 554 was dissolved and removed by performing 
etching. Thus, the conductor circuit 558 (including 
the via holes 560) constituted by the electrolytic 
copper-plated film 556 and so forth and having a 
thickness of 16 jim was formed (Fig. 67 (C)). 

(18) Then, the processes (11) to (17) are repeated 
so that upper interlayer resin insulating layer 581, 
the conductor circuit 583 and the via holes 585 were 
formed (Fig. 67 (D)). 

(19) Then, the solder resist composition was ap- 
plied to the multi-layer printed circuit board to have 
a thickness of 20 u.m similarly to the first embodi- 
ment. Thus, the openings 571 each having a diam- 
eter of 200p.m were formed. Then, a heating proc- 
ess was performed to harden the solder resist layer. 
Thus, the solder resist layer (the organic resin layer) 
570 incorporating the openings 571 corresponding 
to the solder pad portions and having a thickness 
of 20u,m was formed (Fig. 68 (A)). 

(20) Then, the nickel-plated layer 572 having a 
thickness of 5 urn was formed on the inner surface 
of each of the openings 571 U and 571 D of the sub- 
strate having the solder resist (the organic resin lay- 
er) 570 similarly to the first embodiment. Then, the 
gold-plated layer 574 having a thickness of 0.03 \im 
was formed on the metal layer 572 (Fig. 68 (B)). 

(21) Then, solder paste is printed to the openings 
in the solder resist 570. Then, reflowing is per- 
formed at 200°C so that solder bumps (solder) 576 
are formed so that the mu It i -layer printed circuit 
board 510 is manufactured (Fig. 69). 

(Third Modification of Fifth Embodiment) 

[01 88] The third modification is basically the same as 
the second modification. As an alternative to the resin 
filler which is enclosed, a resin film is directly bonded to 
simultaneously perform enclosure of the resin and for- 
mation of the insulating layer. The resin film may be a 
resin film similar to that according to the first modifica- 
tion or the second modification. 
[0189] The fifth embodiment enables through holes 
each having a small diameter (1 OOum or smaller) to be 
formed in the core substrate. When reliability tests were 
performed at high temperatures and high humidity in a 
state where heat cycles were carried out, the electric 
characteristics are not different between the right side 
and the reverse side. Moreover, any separation and 



crack of the conductor circuit, the resin filler or the inter- 
layer resin insulating layer starting with the through hole 
was not observed. Therefore, a high-density and relia- 
ble multi-layer buildup printed circuit board can be ob- 
s tained. When the present invention is applied to the 
buildup multilayer printed circuit board, a significant ef- 
fect can be obtained. 



1. A multi-layer printed circuit board comprising: a 
core substrate incorporating a metal layer sand- 
wiched by resins; and an interlayer resin insulating 

15 layer built up on said core substrate. 

2. A multi-layer printed circuit board comprising: an in- 
terlayer resin insulating layer built up on a core sub- 
strate thereof, wherein 

20 said core layer is constituted by sandwiching 

a metal layer between two resin layers, and a con- 
ductor is provided for each of non-penetrating open- 
ings which are formed in said resin and which reach 
said metal layer so that through holes are formed. 

25 

3. A method of manufacturing a multi-layer printed cir- 
cuit board comprising at least the following steps 
(A) to (C): 

30 (A) forming a resin insulating layer on an upper 

layer of a resin insulating layer having an upper 
surface on which a metal layer is formed so that 
a core substrate is formed; 

(B) forming non-penetrating openings in said 
35 resin insulating layer of said core substrate by 

applying laser beams such that said non-pen- 
etrating openings reach said metal layer; and 

(C) providing a conductor for each non-pene- 
trating opening formed in said resin insulating 

40 layer so that through holes are formed. 

4. A method of manufacturing a multi-layer printed cir- 
cuit board comprising at least the following steps 
(A) to (D) : 

45 

(A) etching a metal layer of a one-side metal- 
clad resin plate to form a circuit pattern; 

(B) laminating a resin film to the surface of said 
circuit pattern to constitute a core substrate; 

so (C) forming non-penetrating openings in a resin 

insulating layer of said core substrate by apply- 
ing laser beams such that said non-penetrating 
openings reach said circuit pattern; and 

(D) providing a conductor for each non-pene- 
55 trating opening of said resin insulating layer to 

form through holes. 

5. A method of manufacturing a multi-layer printed cir- 
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cuit board comprising at least the following steps 
(A) to (E): 

(A) etching a metal layer of a one-side metal- 
clad resin plate to form a circuit pattern; 5 

(B) coating the surface of said circuit pattern 
with resin and polishing said circuit pattern so 
that said circuit pattern is flattened; 

(C) laminating a resin film to the surface of said 
circuit pattern to constitute a core substrate; 10 

(D) forming non-penetrating openings in a resin 
insulating layer of said core substrate by apply- 
ing laser beams such that said non-penetrating 
openings reach said circuit pattern; and 

(E) providing a conductor for each non-pene- 15 
trating opening of said resin insulating layer to 
form through holes. 



6. A multi-layer printed circuit board comprising:, a 
core substrate having through holes; and an inter- 
layer resin insulating layer built up on said core sub- 
strate, wherein 

said through holes are constituted by filling a 
first metal layer formed by electroplating, a metal 
film formed by electroless plating, sputtering or 
evaporation and a second metal layer formed by 
electroplating. 

7. A method of manufacturing a multi-layer printed cir- 
cuit board comprising at least the following steps 
(A) to (E): 

(A) forming non-penetrating openings in a resin 
insulating layer incorporating a metal layer 
formed on either side thereof by applying laser 
beams such that said non-penetrating open- 
ings reach said metal layer; 

(B) passing an electric current to each non-pen- 
etrating opening formed in said resin insulating 
layer through said metal layer to fill a first metal 
layer with electroplating; 

(C) forming a metal film on the opposite surface 
of said resin insulating layer on which said met- 
al layer is formed; 

(D) passing an electric current to each non-pen- 
etrating opening formed in said resin insulating 
layer through said metal layer to fill a second 
metal layer with electroplating; and 

(E) etching said metal layer and said metal film 
of said resin insulating layer to form lands of 
through holes. 

8. A method of manufacturing a multi-layer printed cir- 
cuit board according to claim 7, further comprising 
a step for forming a metal layer by electroless plat- 
ing, sputtering or evaporation. 

9. A method of manufacturing a multi-layer printed cir- 



cuit board according to claim 7 or 8, wherein said 
step for forming said metal film on the opposite sur- 
face of said resin insulating layer on which said met- 
al layer is formed is arranged to perform electroless 
plating, sputtering or evaporation. 

10. A printed circuit board comprising: a core substrate; 
and through holes formed in said core substrate, 
wherein 

said core substrate incorporates a core mem- 
ber and a resin insulating layer formed on each of 
two sides of said core member and having a rough- 
ened surface, and 

each of said through holes is constituted by 
providing a metal film for a penetrating opening 
formed by a laser beam. 

11. A printed circuit board according to claim 10, where- 
in said core member is constituted by causing said 

20 core material to be impregnate with resin. 

12. A printed circuit board according to claim 10, where- 
in said resin insulating layer is formed by dispersing 
soluble particles in refractory resin. 

25 

1 3. A printed circuit board according to claim 1 0, where- 
in said resin insulating layer is constituted by solu- 
ble resin and refractory resin. 

30 14. A method of manufacturing a printed circuit board 
comprising at least the following steps (A) to (D): 

(A) laminating a resin insulating layer on each 
of two sides of a core member to form a core 

35 substrate; 

(B) forming penetrating openings in said core 
substrate by applying laser beams; 

(C) forming a rough surface on said core sub- 
strate; and 

40 (D) providing a metal film for each penetrating 

opening to form through holes. 

15. A method of manufacturing a printed circuit board 
according to claim 14, wherein said core member 

45 is constituted by causing said core material to be 
impregnate with resin. 

16. A method of manufacturing a printed circuit board 
according to claim 1 4, wherein said resin insulating 

50 layer is formed by dispersing soluble particles in re- 
fractory resin. 

17. A multi-layer printed circuit board comprising: a 
core substrate having through holes for connecting 

55 the upper and lower surfaces to each other and hav- 
ing a structure that interlayer resin insulating layers 
and conductor circuits are alternately laminated on 
said core substrate, wherein 
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through holes having different diameters are 
formed in said core substrate. 

18. A multi-layer printed circuit board comprising: a 
core substrate having through holes for connecting 
the upper and lower surfaces to each other and hav- 
ing a structure that interlayer resin insulating layers 
and conductor circuits are alternately laminated on 
said core substrate, wherein 

through holes each having a small diameter 
are mainly formed in the central portion of said core 
substrate, and through holes each having a large 
diameter are mainly formed in the outer periphery. 

1 9. A multi-layer printed circuit board according to claim 
18, wherein said through holes each having the 
small diameter are mainly provided with power sup- 
ply lines and ground lines, and said through holes 
each having the large diameter are mainly provided 
with signal lines. 

20. A method of manufacturing a multi-layer printed cir- 
cuit board comprising at least the following steps 
(A)and(B); 

(A) providing penetrating openings which are 
formed into through holes and each of which 
has a small diameter for a core substrate; and 

(B) providing penetrating openings which are 
formed into through holes each having a large 
diameter for said core substrate. 

21 . A method of manufacturing a multi-layer printed cir- 
cuit board comprising at least the following steps 
(A) and (B): 

(A) irradiating the central portion of a core sub- 
strate with laser beams or drilling the central 
portion to form penetrating openings which are 
formed into through holes and each of which 
has a small diameter; and 

(B) irradiating the central portion of said core 
substrate with laser beams or drilling the cen- 
tral portion to form penetrating openings which 
are formed into through holes and each of 
which has a large diameter. 

22. A method of manufacturing a multi-layer printed cir- 
cuit board according to claim 21, wherein said 
through holes each having the small diameter are 
mainly provided with powersupply lines and ground 
lines, and said through holes each having the large 
diameter are mainly provided with signal lines. 

23. A printed circuit board and a method of manufactur- 
ing said printed circuit board comprising: a core 
substrate having the surface on which resin insulat- 
ing layers and conductor circuits are alternately built 



up, wherein 

said core substrate is constituted by forming 
openings in a resin plate by applying laser beams 
and by forming a sputtered layer on said resin plate 
5 by sputtering which is performed after said open- 

ings have been formed. 

24. A printed circuit board and a method of manufactur- 
ing said printed circuit board comprising at least the 
10 following steps (A) to (F) : 

(A) forming openings in a resin plate which is 
formed into a core substrate by applying laser 
beams; 

15 (B) performing sputtering to form a sputtered 

layer on said resin plate; 

(C) performing electroless plating through said 
sputtered layer; 

(D) forming a resist having a predetermined 
20 pattern after said electroless plating has been 

performed; 

(E) performing electroplating to form an elec- 
troplated layer in a portion in which said resist 
is not formed; and 

25 (F) performing etching after said resist has 

been removed to remove said sputtered layer 
and said electroless plated layer below said re- 
sist so as to form a conductor circuit. 

30 25. A printed circuit board and a method of manufactur- 
ing said printed circuit board according to claim 23, 
wherein when said openings are formed in said res- 
in plate by applying laser beams, and at least one 
type of laser process is employed which is selected 

35 from a carbon dioxide laser process, an excimer la- 
ser process, a YAG laser process and an UV laser 
process. 

26. A printed circuit board and a method of manufactur- 
40 jng said printed circuit board according to any one 
of claims 23 to 25, wherein when said sputtered lay- 
er is formed on said resin plate by sputtering, at 
least one type of materials selected from Cu, Ni, Cr, 
Pd and Mo, is employed. 
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